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Preface 


This manual represents the work of twenty-seven contributors 
who have carefully drawn upon a wealth of practical experience 
in time study applications, gained in a variety of textile processing 
operations. The names of these contributors are listed on the 
following page. 

The original material, forming the starting point of this manual, 
consisted of somewhat over a dozen papers on various time study 
topics, prepared by study group volunteers of the Southern Tex¬ 
tiles Methods & Standards Association. The editor then integrated 
this material into the form of a book manuscript. In this process, 
the editor became also the principal contributing author by adding 
approximately thirty per cent further material from his work files, 
accumulated from his consulting and research work. 

While the general principles and basic methods of time study, 
as described in many good texts, are universally applicable in 
industry, there has been a need for a special manual, written from 
the viewpoint of the problems of continuous and semi-continuous 
processing and the complex operator-machine cycles encountered 
in the textile industry. The book at hand has been designed to 
fill this need and to serve as a study, reference, anid training aid 
for the time study engineer and his assistants. 

The book should also be of interest to management, technical, 
and supervisory personnel who wish to gain a fuller knowledge of 
time study, to 1^ in a better position to realize the cost-saving 
benefits attainable from the results of time study work in their 
mills. 

Norbert Lloyd Enrick 
Editor 

Charlottesville, Virginia 
December, 1959 
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. CHAPTER I 


Historical Background 

Since the beginning of time, man has striven to make life easier 
and more enjoyable by seeking new ways of providing food, cloth¬ 
ing and shelter. As he progressed in these endeavors, he began 
to specialize into various crafts, trades and professions, turning 
his attention towards improvements in workmanship, shortened 
work time, and reduced physical efiFort in producing the goods and 
services in the various specialized fields of work. These accom¬ 
plishments were realized very slowly, in the course of many cen¬ 
turies, with most discoveries and inventions occurring through 
accident rather than systematic and scientific search. 

The industrial revolution, at the turn of the eighteenth century, 
brought a rapid acceleration of progress in production. Our 
forefathers discovered that each new invention gave rise to ideas 
for additional developments, leading to still further inventions. 
This chain reaction has continued to accelerate, and may be ex¬ 
pected to gain increasing momentum with every passing year. 

As these new inventions of machinery and equipment increased 
productivity-in terms of output per worker, little thought was 
given to an investigation of the best method to operate a particular 
machine or equipment. No systematic checks were made to de¬ 
termine the output to be expected from a machine or the number 
of machines which could be tended by an operator. This was a 
natural course of developments, since physical machinery is a rela¬ 
tively positive element in engineering calculations, while humans 
are complex individuals, with varying amounts of energy, intelli¬ 
gence, experience and interest. 

Historical Review of Time and Motion Study 
SdenUfic Management 

Frederick W. Taylor is considered the “father** of the modem 
scientific management movement. In 1881, after becmning a dc- 
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partment foreman in the Midvale Steel Company in Philadelphia, 
Pennsylvania, he set out to determine why the production of the 
men under his supervision did not seem to match or even come 
near their capabilities. From these investigations, Taylor con¬ 
cluded that each worker should be allotted a definite time in which 
to complete a definite task, and that productivity would be best 
if each worker accomplished his assignment in a standardized 
manner of operation. 

In order to ascertain the proper time allowances for various 
work assignments, he introduced the use of the stop watch as a 
means of time study. Taylor instructed his workers in what he 
considered to be the best procedure of operation, issued written 
instructions to cover these procedures, and developed standard 
time allowances for each work assignment. As an incentive for 
increased output, he used methods of payment which were geared 
to production, so that increased productivity by a worker was 
rewarded with increased compensation. Taylor’s method of com¬ 
bining stop watch time studies with incentives was so successful 
in raising production that Bethlehem Steel Company hired him in 
1900 to set up the first management engineering department in 
the world. 


Early Time Study Experience 

Taylor and his contemporaries, D. V. Merrick, S. Thompson, 
C. Barth and several others, used the time study approach in 
establishing work assignments. It is not surprising that the new 
ideas on setting production standards brought on much criticism 
from other industrialists, who had been setting standards by “ex¬ 
perience.” Yet, the new ideas continued to gain ground. In¬ 
evitably, considerable numbers of relatively untrained persons 
were entering the time study field, who were using vague and often 
improper methods. As a result, time study and industrial engi¬ 
neering in general were viewed skeptically by production men 
during World War I, and it took several decades until these initial 
setbacks were overcome. 
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The Motion Study Approach 

An approach emphasizing motion study, rather than time study, 
was introduced by Frank B. Gilbreth, a building contractor. Not¬ 
ing the many different methods used by bricklayers to lay bricks, 
with some methods consuming much more time and effort than 
others, Gilbreth retired from his profession and, with the assistance 
of his wife Lillian, began his study on the nature of movement. 
This led them to make the first scientific motion studies. After 
developing a system of micromotion analysis, they developed proc¬ 
ess charts, on which to enter the 17 basic elements of motion, 
which they had defined. Their objective was to analyze work in 
terms of these elements of motion, and to recombine work in such 
a way as to permit its performance in the fastest and least fatiguing 
manner. 


Time and Motion Study 

Until the late 1920 s, the time study approach and the motion 
study approach were considered by their respective advocates to 
be of unique, sole and exclusive value. But gradually the merits 
of both methods became realized, and today the combination of 
both time study and motion study is considered essential in de¬ 
veloping proper operating methods and time standards in a 
manufacturing plant. 

Time and Motion Study Today 

Modern and up-to-date manufacturing organizations engage in 
time and motion studies to such an extent that this work is usually 
designated to a special department, which may be known as the 
Industrial Engineering, the Time Study, the Standards or the 
Methods and Standards Department. In recent years, the term 
Standards Department has gained popularity, and often such 
items as quality control and cost control are included in the re¬ 
sponsibilities of such a department. 

The modern standards department is charged with the determi¬ 
nation of the most economical methods of handling materials 
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from raw stock through finished product, and to establish labor 
standards based on the principle of **a fair day's work fmr a fair 
days pay." Furthermore, since management needs accurate, 
factual information in formulating policies and making decisions, 
the standards department must be so organized that data on 
production costs, output rates, processing times and related in¬ 
formation, are readily available. A frequent routine use of the 
data accumulated from fhe work of the standards department is 
the determination of standard costs as an aid in setting selling 
prices of products. Balancing of mill production and the determi¬ 
nation of fabric combinations which will yield optimum overall 
returns, are examples of textile mill uses of standards data. In 
this way the work of the standards department may develop into 
applications of linear programming and related tools of mill 
analysis and management. 

Activities of the Modem Standards Department 

The fields of activity which have developed for the modem 
standards department may best be reviewed by a brief considera¬ 
tion of the operating tools used: 

1, Time Study. This is the most widely used technique, gener¬ 
ally involving observations by means of a decimal stop watch. A 
relatively new approach involves the use of predetermined time 
elements, such as methods time measurement (MTM) techniques 
to establish time study standards or supplement stop watch data. 

2, Methods Analysis, This involves motion study with the aid 
of process flow charts, activity charts indicating right hand and 
left hand motion, and careful review of all operations, with a view 
towards development of better methods through changes in flow, 
changes in handling equipment, or changes in work layout. 

3. Job Evaluation. Careful study of the various jobs in a plant 
will permit systematic evaluation of the relative requirements and 
demands of each job. Each job can thus be assigned a quantita¬ 
tive value, and basic scales of monetary rates of pay can be de¬ 
veloped accordingly. 

4. Wage fayment Methods. These generally fall in one of two 
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general classificatioiis, (a) day rates, based on hourly work; imd 
(b) incentive rates, based on amount of hourly output. 

Once a standard haS* been established, periodic control checks 
will be needed to assure that job content, job method, production 
and machinery speeds, and average earnings and working condi¬ 
tions conform to the standard, and to make revisions where ie~ 
'quired. 

It should be noted that the standards department must rely on 
departmental supervision for help in translating a standard into 
actual mill use. In this work, it will be realized that human as¬ 
pects of methods changes call for greater consideration than tech¬ 
nical aspects. Good cooperation and collaboration between the 
standards department and mill supervision will serve to enhance 
the general level of performance of both. 

No job method is correct simply because it is in use. There may 
be a letter way to do the job, and it is the function of the time 
study engineer to find and “sell” the better method to the foreman 
and to the operator. The standards department thus functions in 
an investigative, interpretative and advisory manner. 

The Future of Industrial Engineering 

In today*s competitive economy, no manufacturing concern can 
afEord to have jobs which have not been established to yield op¬ 
timum attainable efficiency and productivity. Thus, the place of 
a good standards department in the competitive manufacturing 
organization is assured. Judging from past experience, there can 
be httle doubt that the industrial engineer will continue to be able 
to contribute much towards constantly increasing productivity at 
relatively lower manufacturing costs. As new machinery and 
new equipment are introduced, the industrial engineer will be 
needed to see that it performs and is serviced at optimum pro¬ 
ductivity. Going one step further, the industrial engineer will 
often initiate the development £|||d use of improved machinery, 
based on the careful analysis of existing meth(^s and equipment. 
The industrial engineer thus will continue to fulfill a vital func¬ 
tion in the continued growth of modern product^n and pro¬ 
ductivity. 




CHAPTER II 


^Classifications of Labor in the Textile Industry 

o 

Labor in the textile mill is usually classified into two major 
categories—direct and indirect. 

1. Direct Labor, This is any work expended in manual or 
machine operation which contributes directly to the product be¬ 
ing manufactured. Examples are the jobs of weavers and spin¬ 
ners. A weaver is responsible for patrolling and checking a defi¬ 
nite number of looms assigned to him, correcting mis-picks and 
repairing ends broken during processing. He notifies the loom 
fixer when any mechanical defects occur requiring his attention. 
A spinner creels bobbins, pieces up broken ends and performs 
scheduled frame cleaning. 

2, Indirect Labor, This is any labor which cannot be allocated 
directly to the product being manufactured. Indirect lalK>r classi¬ 
fications are generally associated with work in servicing machin¬ 
ery. Examples of indirect labor are the jobs of can hauler, 
sweeper, and quill collector. A can hauler collects loads and 
transports cans of sliver from one process to the next. A sweeper 
cleans floors and performs other work assigned to him, such as 
blowing lint from machinery and surrounding areas. A quill col¬ 
lector gathers empty quills from cans or boxes and hauls them to 
designated locations for stripping. 

There are differences of opinion among mill executives concern¬ 
ing the classifications of labor as direct and indirect. Some jobs 
which may be considered indirect in one mill are classified direct 
in others. In general, mills with a large variety of styles will tend 
to classify more jobs as indirect, since these mills have greater 
difficulty in making specific assignments for jobs that might other¬ 
wise fall in the direct category. In making labor comparisons 
among mills, it is thus essential to ascertain what bseakdowns of 
labor classifications have been employed. 

7 
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Manual and Automatic Work 

Labor may be further classified by distinguishing between work 
done by the operator on the basis of primarily manual operation 
and primarily automatic machine operation. 

1. Manual Operation, In full, manual work production is ac¬ 
complished without aid of power driven machinery. Volume of 
output is thus controlled entirely by the operation and not limited 
by machine factors. An example of a fully manual operation is 
the work of drawing-in, since it is entirely dependent on the speed 
of the operator in manually drawing yam through the drop wires, 
harness and reed and then tying the ends on the beam. 

2, Automatic Machine Work, Automatic machine operation 
is machine paced, so that the operator has relatively little infiuence 
on the amount of productive output. An example is the job of the 
automatic quill tender. On this job, so long as the spindles are 
kept creeled up, the operator cannot increase output beyond the 
delivery speed of the quilling frame. 

It must be realized that many job classifications contain a good 
portion of both manual and automatic machine operation and 
must be considered as mixed work. 


Cost Consideration 

Considerations of direct and indirect costs are the primary fac¬ 
tors which influence work classifications and assignments. Since 
some mills stress machine efficiency, while others stress operator 
efficiency, considerations of direct costs will vary. The emphasis 
on machine efficiency in one plant, as against operator efficiency 
in another, is often dictated by difference.*! of physical layout, re¬ 
lation of machine amortization to labor costs and the relation of 
productive capacity, to sales potential. Some mills include de¬ 
partmental clerks, timekeepers and typists in indirect labor, while 
others will include them in administrative expense. Practices also 
vary as regards the inclusion of machinists, welders, carpenters, 
pipe fitters, electricians, humidifier controllers, roll coverers, 
watchmen and other workers not specifically aligned to a particu¬ 
lar production department in indirect labor or mill overhead. 
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Job De$cripH(m$ 

The typical job descriptions of staff functions and of jobs in the 
card room, in spinning, and in winding and twisting are given be¬ 
low and may serve as a guide for a mill in analyzing its own classifi¬ 
cations of labor and various types of textile jobs. 

Job Descriptions of Staff Functions 

Office Manager. The office manager reports to the mill man¬ 
ager, and is charged with all accounting, payroll and payroll make¬ 
up. 

Payroll Clerk. As assistant to the office manager in the makeup 
of payroll, he also assists in accounting procedures. 

Managers Secretary. Reports to the office manager but is 
assigned directly as secretary to the mill manager. She also gives 
assistance in accounting. 

Clerk for Shipping, Receiving, and Supply Room. This posi¬ 
tion is as a staff assistant to the office manager on checking of raw 
materials and supplies received, shipping of finished products, 
controlling the utilization of machine and general supplies, up¬ 
keep of the supply room, and maintenance of perpetual inventory 
of supplies. 

Fork Truck Operator. Operates fork truck in unloading raw 
materials from trucks, internal transportation and loading of 
finished goods, stacking and transferring raw materials and 
finished goods in warehouse. 

Mechanical Foreman. This position is charged with responsi¬ 
bility f6r the maintenance of all buildings and mill yard areas, all 
machine lathe, carpenter, plumbing, millwright and tinsmith work, 
and upkeep of the air conditioning and heating system throughout 
the plant. He and his staff are also charged with the loading and 
imloading of raw materials and finished goods. 

Mechanic and Carpenter. Assistant to the mechanical foreman. 

Shop General Helper. Assistant to the mechanical foreman. 

Laboratory Supervisor. This position is charged with tibe main¬ 
tenance of the control laboratory program and all testing sched¬ 
ules, waste and machine maintenance control, and quality in- 
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spection of the finished production. He ‘will initiate and follow 
changes of gears and yam numbers. 

Watchman {2nd and 3rd Shift), Watchman work as assigned. 
(Punch clock.) He will also do cleaning and yard work as as¬ 
signed. 


Job Descriphon in the Card Room 

Card Room Forerruin. This foreman is given complete respon¬ 
sibility for the card room, including labor, quality, waste and ma¬ 
chine maintenance. He will be responsible for opening, picking, 
carding, drawing and roving. He is charged with the direct re¬ 
sponsibility for all card setting work whether by actually setting 
himself or by checking grinders. 

Card Room Section Man. The section men are shift super¬ 
visors in the card room, to carry out the directives of the card room 
foreman. They are also charged with the actual fixing of open¬ 
ing, picking, carding, drawing, and roving machinery. 

Opener and Picker Tenders. The two operators per shift are 
given a team assignment. The duties to be performed by the team 
are as follows; 

1. Tend 4 blending feeders (opener tender) on 100% mixes, 
feed a maximum of 15 lbs. at one time from each bale. Feed from 
a minimum of four bales when possible. Utilize all four hoppers. 
On blends, weigh out blends in 100 lb. batches. Utilize all four 
hoppers. 

2. Reworkable waste (opener tender). Feed reworkable waste 
into 1 waste feeder, making sure that all waste is fed into its own 
mix before the blend runs out. 

Notify supervision if reworkable waste is overrunning the ca¬ 
pacity of the waste feeder or if it is not in production three- 
quarters of the running time. 

3. Watch out for chokes and other opening line difiBculties. 
(Opener tender.) 

4. Open and lay down bales. (Opener tender.) 

5. Perform necessary wool cutting. (Opener tender.) 

6. OperatCiand refill tinting mechanism. (Opener tender.) 

7. Responsible for movable bins: Fill empties at condenser. 
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Age stock in bins as instructed. Transport bins to and frcnn 
pickers. Clean bins thoroughly at change of blend. (Picker 
tender.) * 

8. Tend 2 pickers (picker tender). Feed picker feeders from 
movable bins, and do£F pickers as follows: 

a. Insert lap rod in slip roller. 

b. At knock o£F of pickers, push foot pedal and raise rack. 

c. Pull slip roller and insert lap rod in lap tube. 

d. Place slip roller in slot at front of lap rolls, then place lap on 
scales. 

e. Obtain lap tube and place on slip roller. f 

f. Start up picker, place slip roller and tube over lap and lower 
rack heads. Give lap smooth start on tube by use of starting 
board. 

g. Weigh lap and note whether to accept or reject, based on 
a tolerance of ± Va lb. from standard weight. Set aside reject laps. 

h. Wrap acceptable laps in brown paper and place in lap truck. 

i. Record all rejected laps on form provided. 

j. Re-feed reject laps into picker hopper by use of special lap 
unrolling setup on top of hopper. 

9. Cleaning and waste removal. 

a. Perform the following at each change of blend or once/shift 
when no change occurs: 

i. Opener line (opener tender). Pull all waste. Clean 
screens. Wipe off all machinery. Pick up raw stock from floor 
and sweep floor. At change of blend only, run out all stock and 
pick hoppers. 

a. ^ Pickers (picker tender). Pull all waste. Clean screens. 
Wipe off all machinery. Pick up raw stock from floors and sweep 
floors. At change of blend only, run out all stock, pick hoppers, 
beaters, etc. 

b. Perform the following once per week; Pick calender rolls 
on pickers. Pick all lattices, shafts. Wipe opening and picking 
machinery. Clean and wipe auxiliary machinery. Clean and 
sweep complete room. 

10. Oiling and greasing. Oil all machinery once per shift. 

12. Responsible through observation for any mechanical 
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trouble on all machinery under his diarge. Notifies the fixer of 
any difBculties encountered. 

12. Maintain quality standards, proper job methods and other 
tasks as requested by the supervisor. 

Card Tender. The card tender should; 

1. Obtain lap trucks from picker room and transport them, with 
6 laps per trade, to rear of cards. Place new laps in radcs and re¬ 
move wrapping. Return lap track with lap rods, tubes and wrap¬ 
ping to picker room. 

2. Perform all creeling (lap lengths should not vary more than 
± V 2 y&i'd» so that the creeling cycle is maintained). 

Perform creeling operation on the six cards in one row. Tail out 
on floor not more Aan two yards of the old lap, but make not more 
than 1 yard nor less than yard waste. New laps should be 
creeled with both hands without allowing the lap to touch the 
body. Make even piecing with old lap. New lap waste should be 
a maximum of yard. Collect bare tubes and lap rods for return¬ 
ing to picker room. 

3. Doffing procedure. Push empty cans from the drawing 
frames to the individual cards (5 cans/trip). Doff cards as fol¬ 
lows: 

a. Doff cards in line cycle by pushing sliver down with left hand 
and lifting can with right over the lip of the turntable. Pull can 
away from card and place on floor. 

b. Break sliver, place new can in turntable and put sliver end 
inside the can. Push cans to the rear of the breaker drawing 
frames (5 cans /trip). 

4. Piecing up broken ends. Clear stock from under doffer. If 
necessary, point sliver and feed through girt trumpet. Break 
sliver, point and piece into coiler trumpet. Bepiece and take up 
slack if necessary. Piece sliver end with stock in can. Make 
smooth, tongue-and-groove piecing. Removing all waste from un¬ 
der doffer and place waste in proper waste container. Do not 
leave waste on floor under doffer, 

5. Stripping procedure. Strip 3 cards per cycle. Strip 3 times 
per shift with vacuum stripper. Strip the Tbeunpson Roll if used 
and throw strips into waste truck. Break the sliver, stop the 
feed, open valve, push stripper over on same on 3 cards (6 cards 
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to Start stripping cycle). Return to 1st card and dose the valve 
and start feed. Strip the Thompson RoU if used and throw strips 
into waste truck on the next 3 cards. By this time the 1st 3 cards 
win have run 1V 2 mins., piece up end, throw waste into truck and 
move on to next group of cards. 

6. Card fly. Fly wiU be removed by vacuum once per shift from 
back and twice per week from front. 

7. Cleaning schedule. Clean doffer cover twice per shift. 
Clean licker-in cover twice per shift. Brush fronts and sides twice 
per shift. Brush back twice per shift. Clean feed roU dearer once 
per shift. Clean calender roll and coder calender roll clearers once 
per week. (This can be done during week-end cleaning.) 

8. Tend 36 cards. Make 4 patrols per hour. 

9. Perform other tasks as assigned by supervision. 

Card Grinder. Tlie card grinder should: 

J. Grind 1 card per 8 hour shift. Major-set one card and minor- 
set 2 cards. (Cards ground every 180 hours.) Utilize standard 
card settings as provided. 

2. Pull cylinder screens and overhaul the cards once every six 
months. 

3. Pull and oil flat chain once per year. 

4. Reclothe, maintain and repair both flllet and metallic 
clothing. 

5. Perform other tasks as assigned by supervisor. 

6. Oil cards at points and frequencies established by machine 
manufacturer. 

Sweeper, Oiler, and Vacuum Tank Man. The duties of this man 
are: 

1. Ediptying vacuum tank as necessary. 

2. Sweeping: The following will be swept twice per shift— 
Under spinning frame and main aisles. Card aisles and area. 
Drawing aisles and area. Roving aisles and area. Winding aisles 
and area. Pick all sweeps thoroughly and segregate all rework- 
able waste to proper mixes. 

3. Week-end cleaning: Work will be performed as outlined by 
the mill supervision. 

4. Oiling of drawing frames: This will involve tbs following— 
Gearing, calender rolls and coder, once per shift. Loose pulley 
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and drive shaft once per shift. Coiler grooves and turntables once 
per week during week-end cleaning. Top rolls, once per day. 

5. Oiling of roving frames: Horse head, spindle shaft and head 
end, once per shift. Top and bottom cones, once per shift. 
Spindle steps, once per week. Compound, loose pulley and jack 
shaft, once per shift. Top rolls at frequency laid down by machine 
manufacturer. Spindles, once per week per shift. 

6. General: Operator is charged with responsibility for proper 
performance of all functions outlined above, and such other work 
as the mill supervision may assign. 

Waste House and Waste Collector. This man is in charge of tlie 
waste house for segregation of waste, general housekeeping, and 
baling of waste. He will perform the following: Operate the bale 
press. Collect non-reworkable and reworkable waste daily, 
throughout the mill, keeping it properly segregated. Attend to 
the Pneumafi] tanks as part of his waste collection duties. Weigh 
and record all waste as received. Furnish the laboratory with 
complete data for the preparation of waste reports. Pull waste 
from the filtering system in the opener room. Operate the roving 
waste opener. Perform miscellaneous other jobs as mill supervi¬ 
sion may assign. 


Job Description in Spinning 

Foreman. Responsible for spinning, twisting and winder rooms. 
This includes labor, quality, waste, machine maintenance. 

Section Man. Assistant to the foreman in the performance of his 
duties. Does the actual fixing of equipment assigned (spinning, 
twisting, winders, Hygrolit machine). Oils when necessary. Per¬ 
forms other work as assigned by foreman. 

Spinner. 

1. Tends the frames assigned. 

2. Creeling. Creels in new roving bobbins when the run-outs 
have ®/4 of one layer left on the bobbin. Break the end on run-out 
bobbin and lift out of creel with left hand. Place the full bobbin 
in creel with right hand. Twist the two roving ends together. 

3. Piecing«up ends. Ends will be tipped up in order to keep 
piece-up slubs small (Pneumafil) . 
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4. Cleaning. 

a. Pass board 6 times,per shift. 

b. Clean creel board every 2-3 days on coarse counts, every 
week on finer counts (12’s-20’s, 22 s-3(ys). 

c. Pick front clearers 4 times per shift on coarse counts, 2 times 
on finer counts. 

d. Pick back clearers once per shift. 

e. Wipe roller beams every 2-3 days. 

f. Wipe cap bars once per week. 

5. Pneumafil. Clean out container at each change (regular 
cleaning out done by waste man). 

6‘. Perform other work as assigned by foreman. 

Roll Picker and Oiler. 

1. Roll picking and cleaning. The following work will be per¬ 
formed at a rate of 6 frames per shift. Pick top and bottom front 
rolls. Brush spindle rail. Brush frame sides. Brush head end 
starter box and motor. Pick revolving clearers. 

2. The following work will be done at a rate of two frames per 
shift. Pick middle and back, top and bottom rolls. Brush tapes, 
tension pulleys and underside of frame. 

3. Oiling, (a) Spindles, (b) Cylinders and steel rolls, (c) 
Top rolls. 

4. Assist sweeper, oiler and vacuum-tank man in cleaning 
winders. 

5. Perform other work as assigned by foreman. 

Doffer, Roving Hauler and Tape Team. 

1. Dojffing. 

a. While frame is running: Move truck to frame. Walk to end 
of frame. Piece up ends. Move truck to storage. Unload full, 
obtain empty boxes. Prepare empty bobbins. 

b. While frame is stopped: Stop frame, lower rad. Walk back 
to truck. Doff bobbins. Start up Rame. 

2. Roving hauling. Take empty truck and obtain full roving 
trucks from roving frames and push to spinning frames. Place 
roving bobbins on top of spinning frames. 

3. Changing tapes. Cut tapes to proper length And have on 
hand. Remove broken tapes. Thread up new tape. Sew tape 
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2V2 in. to 3 in. overlapping with inside lap running in opposite 
direction from tape's motion. 

4. Perform other work as assigned by foreman. 

Job Description in Winding and Twisting 

Winder Tender. Creel in new packages as required. Piece up 
ends. Do£F spindles assigned. 

Yam Man. Operate Hygrolit machine. See that yam is 
properly aged. Lay up all yarn to winders. Push finished cone 
racks to storage area. Oil winders and Hygrolit machine. 

Yam Examiner and Shipper. Examine all finished yarn for 
proper quality and build of cone. Pack yam as directed. Store 
yam as directed. 

Twister Tender. Creel in new packages as required. Piece up 
ends. Doff frames assigned. Perform cleaning scheduled. 
Change travelers on twisters, as assigned. 

Maintenance Overhaulers. Overhaulers are assigned to all 
machinery, i.e. opener line, pickers, drawing frames, roving 
frames, spinning frames, winders, Hygrolit machine, and twisters. 



CHAPTER m 


Standardizing the Production Method 


Uniform conditions of processing and production are an essen¬ 
tial prerequisite to proper functioning of time study standards. It 
is obvious that a standard method of operation cannot be accom¬ 
plished with variation in material, production and operating con¬ 
ditions in general. While a certain amoimt of variability is un¬ 
avoidable in mass production, it is nevertheless essential that pro¬ 
duction be standardized from a standpoint of keeping variability 
at a practical minimum and within allowable limits. The various 
aspects of standardization are discussed below. 


Materials Standardization 

The material processed affects running conditions, waste per¬ 
centages, and cleaning schedules. For example, if the grade of 
cotton processed does not conform to established quality standards 
for a particular yam and fabric, it is likely that there will be more 
end breakages in processing,. thus calling for excess labor per 
pound produced. The extra labor cost per pound may be incurred 
by (a) having more operators to piece up ends or (b) by mnning 
the frames and looms at slower speed, to offset the increased 
breakage rate. 

Other effects to be expected from inferior stock are increased 
waste percentages in processing, including increased “fly” and 
other waste calling for additional cleaning operations. Cleaning 
in excess of tliat provided in the standard involves extra labor 
costs or production losses. 

Finish^ product quality will, of course, be influenced not cmly 
by the quality of the raw materials, but also by the extent to which 
end-breakages and fly will have affected yarn and weaving 
quality. 
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The proper selection of raw materials for a given end use is 
extremely difficult, since the purchase of lower grade materials 
can often be justified in terms of cost savings that well offset in> 
creased labor cost of processing, increased waste losses, and 
quality losses. In other cases, however, the use of lower grade 
materials will mean a net loss in terms of the overall effect on 
processing cost, waste and quality. Once a standard for ma¬ 
terials has been developed, based upon cost and quality considera¬ 
tions, it should be maintained; since any deviation will usually 
require adjustment of all other standards throughout the mill. 
In a mill vrith a large variety of styles, this can be a very costly 
proposition. It must be realized, of course, that changing market 
conditions for raw stock and final product will occasionally make 
it necessary to adjust and revise standards, despite the considerable 
change-over costs that may be involved. 


Speed of Machinery 

Prior to standardization of machinery speeds, it is desirable to 
make studies showing the relation of humidity, twist and stock 
processed on the rate of end breaks occurring at various production 
speeds. Charts can be developed from these studies, showing the 
speeds of jack shaft, cylinder and spindle, and the proper combina¬ 
tion of twist gear and production gear to be used. 

In establishing and controlling standard production speeds in 
a mill, close cooperation between the standards department and 
the technical departments of the mill is required. Where a change 
in speeds is considered desirable, a definite procedure for revising 


TABLE lll-l. Warp Spinning 


No. 

Whitin 

machine 

Count 

Std. twist 
mult. 

Spindle RPM 


Std. 

High 

Low 

Std. 

1 

IV." 

14 

4.00 

8600 

9030 

8170 

1100 

2 

IV. 

20 

3.50 

8600 

9030 

8170 

1100 

3 

1 

20 

3.50 

8400 

8820 

7980 

1080 

4 

1 

30 

3.50 

9600 

10080 

9120 

1240 
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standards should be laid down. Usually, the need for a change 
will be brought up by the technical departments, and the corre¬ 
sponding change in time study standards will then be required by 
the standards department. Periodic speed checks aie required. 
In many mills, speeds on all productive machinery are checked at 
Tegular intervals, at a five-week cycle. Checks are made by the 
standards department in some mills, and by a separate quality 
control or technical department in other mills. A variation of 
±3% to ±5% in machinery speed is usually considered within 
allowable standards and tolerances, as illustrated by the example 
in Table III-l. Suitable forms for reporting speeds and noting 
off-standard conditions are shown in Figs. Ill-1-3, while the de¬ 
tails of speed testing are given below. 


Speed Testing Procedure 

Purpose. To assure conformance to standards for production 
and quality. 

Equipment. For speeds below 50 RPM, a revolution counter 
and stop watch are used. For higher speeds, the following 
applies: 


Read to 

Range of RPM’s Use speed indicator with nearest 


1000-10,000 1000-RPM Sweep of Needle 5 RPM 

100-1,000 100-RPM Sweep of Needle 1 RPM 

50-100 100-RPM Sweep of Needle Vt RPM 


Speed Standards and Tolerances* 

Cylinder RPM Front roll RPM Ratio of cylinder to front roll 


High Low _ Std. High Low Std. High Low 

1133 1067 130 134 sli bH 8~30 

1133 1067 127 131 123 8.66 8.74 B.5$ 

1112 1048 170 175 165 6.36 7.40 6,32 

1277 1203 _ 159 164 154 _^0 7.80 7.74 

• From N. L. Enrick, Modern Mill Controls, reprinted with permission from 
Rayon Publishing Corp. suid Modem Textiles Magazine. 
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Figure III-l. Form for reporting machine speeds. 


























Figure 111-2. Form reporting blend&ig feeder speed and delivery test 
results. (Reprinted from N. L. Enridk, mSI Test Froeedures wath permis- 
rion from Rayon FubUshing Carp., New Yoric, and Modem Textiles Magch 
zhne.) • 
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Figure 111-3. Form for reporting results of card speed tests. (Reproduction 
courtesy of Werner Textile Consultants, New York, N. Y.) 
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ffocedttre. 

1. Clean end of shaft with waste and dust it with piece of chalk, 
so as to reduce slippage of indicator or counter spindle. 

2. Cover spindle with properly suited rubber tip and apply to 
rotating shaft. The indicator will automatically stop and show 
9PM. The counter should be applied for exactly one stop-watch 
minute to show RPM from the difference in revolution count at 
start and finish of one minute. 

3. On speeds between 10 and 25 RPM, apply counter for 2 
minutes, and divide the total revolutions by 2 to find RPM. 

4. On speeds of less than 10 RPM, permit the shaft to rotate 
ten times and divide this 10 by the elapsed minutes, read on the 
stop-watch to the nearest 0.01. This ^1 again yield RPM. 

Caution, Use only fluffy waste, balled up, to clean shaft ends. 
Rags or thread may wrap around fingers or wrists, and could then 
be quickly drawn into fast moving parts of the machinery. 

Cleaning Schedules 

A certain amount of cleaning of machinery, equipment and 
building is necessary to assure proper running conditions and good 
product quality. Itemized cleaning schedules must therefore be 
set up and maintained. Such schedules should seek to provide 
the requisite amount of cleaning with the least expenditure of 
work. This objective can usually be achieved with the coopera¬ 
tion of departmental supervision, quality control, and technical 
mill departments, supplemented by trials and experiments, and 
analysis of defects, operating conditions, and methods. 

Each eleaning schedule used as a standard should state clearly 
the frequency at which each element of cleaning is performed 
and the manner in which it is to be performed. For example, in 
wiping the roll beam and stands on roving frames, a brush, cloth, 
cotton waste or even bare hands could be used; and a proper stand¬ 
ard provides specifically which of these is applicable. 

Once a standard has been established, the standards depart¬ 
ment should be notified of any changes that may become neces¬ 
sary, so that the standard can be revi^ accordingly. •Changes in 
raw materials, involving fiber length, cleanliness and other charac- 
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teristics, can afFect the cleaning required. Definite procedures 
should be established for review ^ cleaning sdiedules when 
significant raw materials changes have taken place. 

An example of a cleaning schedule is provided in the illustration 
in Table 


Materials Flow 

Since materials handling forms an appreciable component of 
labor costs, the flow of materials throu^ a textile plant must be 
planned carefuUy. The following are the major considerations 
involved: 

1. An even flow of materials between processes is desirable, 
since erratic flow will interrupt and hamper smooth operations, 
resulting in increased labor costs and overhead. 

2. When material is moved from one processing stage to an¬ 
other, it is advisable to place the stock as near as possible to the 
position from which it will be creeled into the subsequent process. 

3. The distances over which material is transported between 
processes should be kept as small as practicable. This will often 
involve floor planning and relocation of machinery. Also, me¬ 
chanical handling equipment may be needed. While many, practi¬ 
cal handling devices are in use today, and no doubt more will be 
developed, one must make sure to consider pitfalls as well as 
potentials before selecting the equipment. Examples of faulty in¬ 
stallations can be demonstrated in some mills, where the labor 
eliminated by mechanical handling in one area has been offset by 
increased lalxir, overhead, or maintenance costs in another. 

4. Practical package sizes, compatible with good quality, must 
be maintained. Generally speaking, the larger the package, the 
less is the work in doffing and cieeliug. Tlius, the package size 
produced is an important factor in governing madiine efficiency. 
Periodic checks are needed to assure that the standards for pack¬ 
age size and weight are being maintained, and that the standards 
department is kept advised of any dumges. A typical pro¬ 
cedure for control of package sizes is presented below supple¬ 
mented by an example of a worksheet a^ reporting form, shown 
in Figs, m-4 and II1-5. 



Cleaning Schedule* 
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Figure IlM. Worksheet for control of package size. (Reprinted from 
N. L. Enrick, MUl Test Procedures with permission from Rayon Publishing 
Coip., New York, and Modem Textiles Ma^jozim.) 


Package Size Test Procedure 

Purpose. Unless full package sizes are maintained throughout 
processing, the operators’ workload will increase, since more fre¬ 
quent creeling and dofiBng then becomes necessary. In addition, 
there will be more piecings, thus lowering yam and cloth quality. 

Package size checks indicate whether or not proper dimensions 
and weights of packages are maintained. In addition, they show 
whether the builder motions of equipment are functioning prop¬ 
erly, an important aid in maintaining quality and running condi¬ 
tions. For example, an improperly built yam package mi^t 
cause excessive stops in knitting. 

Equipment. 12-inch scale, slide calipers, strai^t edge, plat¬ 
form scale. • 

Sampling. See Package Size Test Data in Table 111-3. 
















Figure 111*5. Reporting form for package size. (Reproduction courtesy of 
Werner Textile Consultants, New York, N. Y.) 
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TABLE UL3 

Package Size Sampling and Testing Data* 

Roving Spinning and twisting Winding and spooling 

Weighing Tests 

^ 50 boblnns of 2.0 200 spinning bobbins 50 packages 

H.R. or finer 100 4-inch ring tvrister 

^ 30 bobbins of coaiser bobbins 

than 2.0 H.R. 50 bobbins on over 4- 

inch ring twisters 
30 bobbins on less than 
4-inch ring twisters 
Dimensional Tests 


e 1 

2 bobbins per frame, 

2 bobbins per frame 

4 packages per yam 

one from each row 

side 

number. 

^ 1 

Maximum lift 

Maximum lift on warp 

Diameter on spools 

I 

i Maximum diameter 

winds 

and cheeses 

1 Coils per inch of full 

Maximum diameter 

Diameter of base and 

1 

roving bobbin 

and lift on filling 

height of cones 



winds 

Other dimensions as 


Minimum lift on com- specified 
bination winds 


Package shape on 
frames with bottom 
former 

Measurements: Measurements should be made accurate to the nearest Vis inch. 

Sampling: Sampling should be random, and at such unexpected intervals as 
will not permit prior knowledge by any operator whose work is to be checked. 

Weighing: Weighing should be done only rarely on roving and spinning, except 
where dimensional tests show off-standard results. 

• Reprinted from N. L. Enrick, Mill Test Procedures, with permission from Rayon 
Publishing Corp. and Modern Textiles Magazine. 

Procedure. 

1. Dimensional checks: test the points indicated on the Table 
of Package Size Test Data. 

2. Weighing diecks: 

a. Obtain the gross weight of the bobbins weighed, as pro¬ 
vided by the Table of Package Size Test Data. 

b. Deduct the tare weight of the container and empty boblnns. 
(Use past averages for empty bobbins.) 
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c. Gross weight mmus tare weight gives net weight. 

Evaluation. In cases wliere there have been complaints about 
"short” packages, check bo^h dimensions and weights. If dimen¬ 
sions are on standard but weights are light, the frame is probably 
building a package which is too soft. A tighter wind would put 
more yardage on the package. 

In general, dimensions depending upon length of doffing cycle 
indicate how closely this has been maintained by the operator; 
while dimensions controlled by machine settings furnish informa¬ 
tion on the mechanical condition of the frame. 

Operator Methods 

Practical work methods are those affording the highest produc¬ 
tion with the least effort and time, and providing the requisite 
quality levels. There are many approaches which may be used in 
developing proper operator work methods, such as micro-motion 
analysis, BMT (basic methods time), MTM (methods time meas¬ 
urement) and comparison of time values; all of which will give 
satisfactory results if properly used. 

Not only motion patterns, but methods of patrolling must be 
considered. Otherwise, jobs may involve so much patroUing that 
little other work is done per cycle. Practical patrol cycles can be 
established by first determining how long a machine can be per¬ 
mitted to wait unattended for an operator. For example, on spin¬ 
ning frames the cycle is determined by (I) the allowable amount 
of stock to be collected into the vacuum collection system (such as 
I^eumafil) or to be rolled upon the lap stick, per end down; (2) 
the maxipium amount of roving to be left on the bobbin in the 
creel, and (3) the frequency of roving run-outs. 

Operator Training, Operators must be trained in the standard 
operating methods. Only after assurance has been had that the 
operator is fufiy prepared to handle his assigned tasks, can he be 
permitted to work on a standard assignment at standard incen¬ 
tives. 

Becords, When a job has been standardized, a complete record 
of conditions and me&ods surrounding and controUkig the various 
eluents work and machinery output must be prepared. Such 



30 


mOE StVDT MANUAL 


TABLE IIM 


Warping and Beaming Standards, Woolens 


Item 

Standards 

Basis of data 

Pattern and spool changes 

1 ea. 

past average 

Type beam 

K-82 

processing standard 

Ends/section 

400 

past average 

No. of sections 

6 

past average 

Mo. of cuts 

8 

past average 

Yards/cut 

80 

past average 

No. of spools 

10 

ends/section -4- ends/spool. Ends/ 
spool = 40 

No. of cones 

2 

past average 

Bobbin racks 

1 

past average 

Rounds per section 

146 

(yds./cut X no. of cuts) yds./round; 

yds./round = 13/3 


Cycle time per Ist Warp (Mins.) 

Routine of section 

52.6 

rounds/section X mins./round; mins./ 
round = .0595 

Beaming-off routine 

21.4 

time study standard at +30% rating 

Change pattern 

79.0 

time study standard, observed value 

Prepare 1st section 

12.5 

time study standard, observed value 

Prepare 1st section contd. 

12.0 

ends/section X mins./lOOends; mins./ 
100 ends = 3.0 

Prepare remainder 

22.5 

(tot. sections—1) X mins./sect.; mins, 
sect. = 4.5 

Prepare for beaming-off 

13.5 

time study standard, observed value 

Down-time total 

139.5 

lines 13 to 17, totaled 

Down-time at -f-30% rating 

107.3 

line 18 divided by 1.30 

Total cycle time 

180.4 

lines 11, 12 and 19, added 


factors as speeds, package sizes, counts, cleaning schedules, break 
frequencies, maintenance schedules and element descriptions, 
must be on record, using tabulations as illustrated in the extract 
from a mill standards manual, shown in Table 1II-4. It is also 
desirable to have a standard procedure whereby the Standards 
Department will be advised of any change or contemplated 
change affecting the conditions, methods and time values estab¬ 
lished. 


Graphs and Charts 

Graphs an(} ^arts may be used for such purposes as analyzmg 
methods and conditions prior to establishment oi standards, and 
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for supervising and controlling standards already established. 
Such charts and graphs involve flow charts, man and machine 
process charts, weekly variance reports, endsdown and loom stops, 
yam counts, cloth weights, weekly production and related control 
data. 




CHAPTER IV 


Preparation and Procedure 


Time study could be defined as an analysis of a job or operation 
fdr the purpose of finding the most economical way to perform that 
operation, standardizing the operation, determining the time 
standard, and training the operator. In this and the following 
three chapters, we shall discuss the third part of this definition 
"determining the time standard.” When this standard is con¬ 
verted into a monetary value, it is called a “piece rate,” so that this 
phase of time study is often referred to as “rate setting.” 

In order to determine the time standard, many methods are 
applicable, but the most common is the use of stop-watch time 
studies. For making a time study of this type, the observer will 
use a decimal stop-watch, an observation board for recording in¬ 
formation and sometimes a speed indicator and slide rule. 

The operation to be studied is divided into elements and the 
observer times each element. After the study, element times are 
established, and these are added together to find the standard time 
required to perform the operation. Since some operators are slow 
and some are fast, the observer will rate the operator during the 
study so that the element times can be adjusted accordingly. This 
adjusted time is the required time for a qualified operator working 
at a normal pace to perform the operation. 

During the perfonnance of an operation, other allowances are 
needed for such items as fatigue, personal needs, interference and 
delay. These allowances are also added to the element time, or 
subtracted from the overall time, so that pieces per hour or day 
may be computed. From this information piece rates and work 
assignments can be established. 

Selection of the Operator 

Since time study is the analysis of a job for the purpose of deter¬ 
mining the time required by a qualified person,* working at a 

33 
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normal pace, to perform a given task, using a definite and pre¬ 
scribed method; it is imperative that much consideration be given 
to the selection of and approach to the operator. In no case 
should a time study man start making a time study without the 
operator s knowledge. Also, after choosing the operator to be 
studied, the time study man should make every effort to bring to 
naught any resentment the operator mi^t have and seek to put 
the operator at ease. In doing so, his analysis will be more accu¬ 
rate. 

In choosing the operator to be studied, skill alone is not condu¬ 
cive to a good study. The time study man should select an oper¬ 
ator of good performance working at nearest to normal pace. He 
should avoid the nervous type worker as far as possible and select 
rather the effective and deliberate type. Some resentment may 
arise among the operators and even foremen by studying specific 
operators. Since a rating factor is used to evaluate the operator s 
speed, it theoretically makes no difference whether the slowest or 
fastest operator is timed, but for psychological reasons it is often 
better to time an average operator. Some workers, not under¬ 
standing time study procedure, may feel that time standards will 
be set directly according to the production of the operator being 
timed. 

Some operators may have little regard for the time study man 
or for white-collar people in general. Each operator should be 
made to feel that he is as important and essential to the proper 
performance of the job as anyone else. All questions should be 
answered thoughtfully, honestly and frankly without teasing or 
dodging the issue. It is best to avoid discussions when the oper¬ 
ator is angry or very emotionally concerned. Controversial issues 
should be handled diplomatically, seeking to build up good will 
and trust. 

The time study man can do much to put the operator at ease by 
being pleasant and friendly and carrying on general conversation 
and small talk prior to the study. He should find out if the oper¬ 
ator objects to being studied at this time for any reason and if so, 
politely accept the objection. No operator should be studied i^o 
is emotionally^pset because of the job or for other reasons, unl^s 
it is knowii that the operator will not be offended. 
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In ccmdiision, the objective is to get a qualified operator to work 
at a nonnal pace, and this can best be accomplish^ by maintain^ 
ing good will and cooperation of the operator. 

Recording Information 

£verything possible which can be written down about the job 
should be recorded at the time of the study.” Ihis is important, 
since after a short time the observer may remember very little of 
what occurred unless it is written down. The date and time of the 
study wiU be of great help when a comparison of studies is made. 
A record of the (^rator s name and amount of production during 
the study can be of use in comparing performance ratings. Ordi> 
narily, most of the information necessary can be obtained verbally 
at the beginning of the study, from the foreman or from the oper¬ 
ator. 

A full job description should be given. The body of the descrip¬ 
tion should include a summarized statement, in abbreviated form, 
of the content of the job. Following should be a detailed de¬ 
scription of each element of the job in proper sequence. Other 
elements of the job that do not occur regularly but are definitely 
part of the job should be included. A suitable recording form is 
shown in Fig. IV-1. 

It is essential that this description be as complete as possible to 
the finest degree. Sometimes, after a standard has been set up, 
questions arise as to its validity. The time study man then has at 
his disposal a description of the job at the time the standard was 
set up. He can compare each element to see if the job has changed 
causing peed for a new standard. By definitely establishing a 
starting and stopping point for each element, timing the job be¬ 
comes easier. 

There are other good reasons for dividing the job into elements: 
To time a complete cycle or operation would not be satisfactory 
because many things happen during the cycle or operation which 
would not be recorded. But by dividing the job into elements and 
timing each element, a detailed record the operation is obtained. 
Also, by dividing the job into elements, a standardprocedure for 
the job can be established. With this standard procedure, new 
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Figure IV-1. Form for recording job description. (Reproduction courtesy 
of ^Vemer Textile Consultants, New Yoric, N. Y.) 
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employees can be trained easier. Also, if some of the operators 
cannot meet the standard it may prove that they are not using the 
standard procedure. After standard time values are assigned to 
each of the elements, a complete job load can be established, by 
totaling the elements and arriving at a standard time for the 
operation. 

/The operator will not always work at the same pace on all ele¬ 
ments during a time study. By time studying each element and 
applying the correct time to each element in performance rating, 
a more accurate standard time can be applied to the operation. 
By studying each element, it may be found that some elements 
take more or less time than they actually should, or that it may be 
practical in softie cases to eliminate an element altogether. Also, 
from one job to another many elements will remain constant, and 
establishing standard times IPor the variable elements is then all 
that is necessary to set up standard times for the new operation. 

Timing the Job 

The three most commonly used methods for making the stop¬ 
watch time study are the continuous method, the snap-back 
method and the multiple watch method. The last method is not 
used nearly as much as the first two but users of each method have 
their claims of advantages for their method. 

In the continuous method for making the stop-watch time study, 
the time study man starts his watch at the beginning of the first 
element and allows it to run continuously for the duration of the 
study. At the end of each successive element he notes the reading 
of the watch and records the reading on the time study sheet oppo¬ 
site the name or symbol of the element observed. The time for 
each f’sment is determined by subtraction either during the study 
or at a later time. 

In the snap-back method, the time study man snaps the watch 
back at the end of each element. At the beginning of the first 
element, the observer snaps the watch back to zero by pressing 
the stem of the watch. Ihe forward moving of the hand begins 
instantly to time the first element. At the end of the*first element, 
the observer notes the reading, snaps the watch back to zero and 
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records the reading as the watch measures the next eletnent He 
continues to time each element in the same fashion, 

' In the multiple-watch method, the observation board has two or 
three watches, allowing direct reading of the time for each ek- 
ment. Where two watches are mounted on the observation board 
they are connected by a lever mechanism in such a way that, when 
one watch is stopped, the other is automatically started. The 
stopped watch is read and re>set to zero and the time recorded. 
When the other watch is stopped to time the second element, the 
first starts automatically to measure the third element. 

Where three watches are mounted on the board, they are all 
simultaneously controlled by a lever. The first click of the lever 
starts the first watch, re-sets the second to zero and stops the third. 
At the end of the first element, depressing the lever stops the first 
watch and starts the second simultaneously. The first watch is 
waiting to be read, at the observer’s convenience, while the next 
element is being timed by the second watch. At this point the 
third watch has been automatically re-set to zero, awaiting the 
third element. 

The advantage claimed for the use of the continuous method 
is that the time study man is required to record any interference, 
delay, foreign elements, or false motions by the operator. 

The main advantage of the snap-back method is that the time 
for each element is visible on the observation sheet and the time 
study man can see the variations in time values as he makes the 
study. To offset the advantage claimed by users of the continuous 
method, those using the snap-back method say that the observer 
should be taught to time and record all elements during the study 
including interference, delay, foreign elements and false motions 
of the operator. 

Proponents of the multiple-watch method claim these advan¬ 
tages: You no longer read a hand in motion but one thats sta¬ 
tionary, at your convenience, so that attention is not diverted at 
the exact instant an element ends, and yet a watch is timing suc¬ 
cessive elements. Also, you have the advantage claimed by users 
of the snap-bgfk method. 
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ReconUng Watch Readii^s 



To a person not well acquainted with time study, it seems 
possible for the time study man to properly perform the many 
things required of him in such quick order. For instance, some 
wonder how he can keep his eye on the operator, his watch, his 
observation sheet and other things that may affect the job. Yet 
afler a little experience one can make the stc^watch time study 
quite easily, since the operation is broken down into elements with 
definite starting and stopping points, so that the observer is look¬ 
ing for these points. 

A definite motion, usually accompanied by a distinct sound, 
ordinarily comprises the starting and stopping points of an ele¬ 
ment. Such motions and sounds are the signals for the observer 
to note the watch reading. By always reading the watch at 
exactly the same point in the cycle, the recorded time will be more 
correct. 

It is essential that the observer carefully time each and every 
element of the operation regardless of the frequency of occurrence. 
After a definite standard time is established for an element, it can 
be pro-rated to include it in the standard time for the operation. 
For example, if the element occurs every fifth cycle, then the time 
of the element can be divided by five or if it occurs twice in a 
cycle the time can be doubled. 

When interference, delay, foreign elements and false motions 
occur, they should be carefully timed. By doing this, recom¬ 
mendations can be made to improve layouts or methods, using 
time values to prove the point. Elements which cannot be im¬ 
proved should be pro-rated and put in the standard. In most 
cases, this is accomplished by using the percent of time actually 
requ^. ed to perform these elements. 


Performance Rating 

During the time study, a method for evaluating the work pace 
of the operator should be employed. There are several different 
ways in which this can be done, but in every case^they depend 
entoely upon the judgment of the time study man. Oiae of the 
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most commonly used methods is to apply a rating factor to the 
entire operation. The observer makes periodic performance rat¬ 
ings and determines the average performance of ihe operator dur¬ 
ing the study. This information is recorded as a rating factor on 
the observation sheet and is used to adjust the element times 
recorded during the study. 

One may also apply a rating factor to each element of the opera¬ 
tion. This technique appears to be the more popular of the 
methods in use. If possible, viz., if the length of the element per¬ 
mits, each stop-watch reading should be rated. This procedure' 
would be very difficult unless the elements are fairly long. 


Amount of Time Studies 


Two questions which always arise are: (a) How many cycles 
should be included in a time study? and (b) How many studies 
should be made on an operation? Enough cycles or studies should 
be made to arrive at a representative sample and this will depend 
upon the type of operation. Many factors should be considered 
in determining how much studying is required. Among them are: 
the length of the cycle and possible variation in length, the number 
of elements in a cycle and variation of length of elements, and the 
relation of machine time to operator time. The type operator 
being studied will also affect the number of studies necessary. If 
the operator is well trained and works consistently at even pace, a 
representative sample can be obtained with fewer studies than if 


the operator is inconsistent. 

Statistical methods have been developed for evaluating varia¬ 
bilities exhibited in elemental times observed, and for determining 
the requisite number of observations needed to achieve a desired 
degree of precision of final results. These are usually too iengthy 
to be used with each study; but if typical patterns of variability 
have been established for most categories of operations,, the 
worked out data can usually apply to other similar operations, and 


the requisite number of obserx'ations thus becomes known. 


Freparation 

In most instances, supervisors desiring the services of the stand¬ 
ards department will submit this request on a form. Hiis pror 
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vides a systematic procedure of notifying the standards depart¬ 
ment of the needs of all departments. The form should be simple 
but adequate. Wordiness should be avoided as much as possible. 
In fact a form which requires the originator merely to place x's in 
the proper boxes will prove to be less confusing to everyone and 
dehnitely speed up action. 

\Vben a request for time study is received it must be acknowl¬ 
edged. Certain preliminary steps should be ,|aken before going 
out into the plant to perform the actual mechanics of the time 
study. These steps usually involve the following considerations: 

1 . Is the request initiated by an authorized person? In most 
cases the proper person is the departmental supervisor. However, 
depending on the size of the organization, the persons authorized 
to request the service of the time study department may be a sec¬ 
tion head in a larger company or the president in a smaller com¬ 
pany. 

2 . Is the reason for the request valid? A request for time study 
may not be necessary in certain instances. For example, the con¬ 
templated change may be one that can be adjusted with existing 
data, or the situation may be one of short duration not justifying 
an extensive time study, or the contemplated change may not be in 
the best interest of those concerned. If necessary, for the sake of 
complete understanding, a discussion with the supervisors in¬ 
volved may be necessary. 

3. The person requesting the service of the standards depart¬ 
ment should be informed when he can expect a time study engi¬ 
neer, so that the supervisor may plan accordingly and be ready, or 
seek a change of date where necessary. 

In order to avoid delays it is best for the time study engineer to 
familiarize himself with the job before him. If the operation has 
never been studied, the best means of familiarizing oneself would 
be to draw up a preliminary job or task description. Table IV-1. 
The best source of information for this step of familiarization is the 
departmental supervisor, who will provide such information as: 
(2) type of machines or tools used; ( 2 ) speeds of machines; (3) 
type of material the operator must handle; (4) if weight is in¬ 
volved, how much and how often; (5) what parts 51 the body are 
used most frequently; (6) sketches of the area, marking important 
points and distances. 
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TABLE IV-l 

Task I>escr!^>tion 


Task Title: Boxer Date: 

Foreman: 

Department: Pack and Ship 

1. Definition: 

2. Equipment Used: 

(a) Machines: Pin ticket machine 

(b) Tools: Transfer ircm, tape dispenser 

(c) Materials: See df below 

3. Specific Duties: 

(a) Prepare sox in various assortments (as per instructions). 

(b) Apply transfers on sole, heel and (or) toe. 

(c) Put on riders (top, heel, boot, etc.) and (or) tickets. 

(d) Put paper inserts in body of sock. 

(e) Put on pin tickets. Put pins and tickets in machine. 

(f) Put sox into boxes, paper bags, cellophane bags, etc. 

(g) Remove transfers. 

(h) Get riders and bands and transfers from storage. 

(i) Keep area of work clean and orderly. 

4. Comments on Working Conditions: 

(a) Work in confined area (sox stacked all around operator). 

(b) Lift pallet full of sox about 30 times in a short shift. 

(c) Not prone to accidents unless working on pin ticket machine. Then 
operator might stick self with pin. 

(d) Obnoxious odor when working with transfer remover. 

5. Qualifications: * Bead, write, simple arithmetic. 

(a) Education* Necessary_Desirable_ 

(b) Experience Necessary none Desirable_ 

(c) Learning Time 

(d) Physical: lifts pallet goods and moves frequently. Lifts iron to 
transfer, can work standing only when transferring. 

(e) Mental and visual* 

(f) Other 

* Requires constant visual attention. Must remember several types 
of assortments and put-ups. 


An examination of the method of operation at this time is desir¬ 
able, since a change now to improve the job can save much time 
for the engineer. The proposed changes must of course be ap¬ 
proved by the responsible authority before they can be installed. 
Following thqjchange in method, it is good practice to prepare a 
final operation analysis. 
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Subsequent to the preparation of the operation analysis, the 
next step is the element analysis. Here one should take care to 
make a clear explanation of the elements of the op^tfon. In this 
Step it is essential to point out the starting points and ending points 
of each element involved in the operation, so that there is no 
chance for confusion. Thus any other person making a time study 
can be sure he is studying the same elements. Also, if the need 
should arise to refer back to the study after a lapse of time, a virell 
written description of elements is the only authoritative reference. 

In determining element reading points, one should choose only 
those points which are definite and easy to see. Sometimes it is 
even possible to pick up a sound, such as a click or thump, which 
wiU tell the observer that the end of an element has occurred. 




(Chapter v 

Tools Used in Time Study 


Before undertaking a detailed description of the tools used in 
time study, it should be pointed out that the equipment of the 
standards department is not in itself the final measure of effective¬ 
ness, but rather a set of instruments of operation, which serves as 
a means to accomplish effective studies. Thus there are specific 
tools for specific tasks in time study as in any other profession. 
The objective of this chapter will be to discuss, illustrate and point 
out the uses of the numerous tools available. 


Stop Watches for Time Study Use 

Most generally the stop watch is the time measuring tool in use 
by time study engineers. A number of different types of watches 
are available, all of which are designed to best satisfy the user 
according to his preferred method for timing. Selection of the 
proper type of watch is important, inasmuch as the effectiveness 
of the study may depend on the smallest unit of time that can be 
read on the timer accurately. The final form of expression of the 
time standard must be considered so as to eliminate unnecessary 
conversions and thus minimize the possibility of error through 
clerical calculations. A factor which must also be considered is 
the value of simplicity, in the sense of using time measurement 
terms most familiar to plant employees. 

Three commonly used types of stop watches are the decimal 
minute, the decimal hour and the split second watch. 

The decimal minute watch (Fig. V-1) is the most widely used 
timing device. Its outer dial is divided into 100 equal spaces, each 
representing Vioo or 0.01 minute. Each tenth division is identified 
by a longer dividing mark and numeral indicating tenths of a 
minute. Between the numerals, each fifth dividing mark is 
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heavier or darker indicating 0.05 minute. The long or sweep hand 
of the watch makes one revolution of the dial each minute. The 
smaller dial, situated in the upper center of the watch face, Is 
divided into thirty spaces, each of which represents one complete 
revolution of the sweep hand or one minute. The hand of this 
smaller dial will make one complete revolution in thirty minutes. 


Figure V-1. Decimal minute watch. (Reproduction courtesy of Meylan 
Stopwatch Company, New York, N. Y.) 


Figure V-2. Decimal hour timer. (Reproduction courtesy of Meylan Stop¬ 
watch Company, New York, N. Y.) 

The timer is usually controlled by two conveniently placed mecha¬ 
nisms, the slide and the crown. The slide, usually manipulated 
by the thumb, makes it possible to stop the hands of the watch at 
any point and start them again from that position. By depressing 
the crown of timer the hands will snap back to the zero position 
and immediately start in motion upon releasing the o'own. The 



V. TOOLS USED IN 11MB STUDY 


47 


hands may be held on zero ^dier by moving the slide away frmn 
the stem to the “off* position or by hiding the crown depressed. 

The decimal hour timer (Fig. ¥>2) is similar to <he dedmal 
minute watch. The outer dial is also divided into <me hundred 
equal spaces, however, the spaces on the decimal hour dial repre¬ 
sent 0.0001 hour. The sweep hand makes one hundred revolutions 
per hour or one revolution every thirty-six seconds. The small 
hand registers each revolution of the sweep hai^ or each 0.01 hour. 
The operation of this timer is the same as that of the decimal 
minute timer. ' 



Figure V-3. Split second stop watch. (R^roduction courtesy of Meylan 
Stopwatch ^mpany, New York, N. Y.) 

The decimal timer in Fig. V-3 provides dial divisions of 0.001 of 
a minute, thus permitting accurate timing of brief elements. The 
small inner dial registers up to three minutes in gradations of 
Vio minute. 

Another type of watch, the decimal minute split timer (Fig. 
V-4), also known as the double action timer, is gaining in popu¬ 
larity. The outer dial reads in dedmal minutes. This timer has 
two smaller dials on its face, the upper small hand registers thirty 
minutes while the lower small hand indicates seconds. It has two 
sweep hands, one black, the other red. This timer is controlled by 
the side pin and the crown. The side pin controls only the red 
sweep hsmd. By depressing the crown both sweep hands are put 
in motion. When the side pin is depressed the red hand stops. 
Upon depressing the side pin again, the red Mnd instantly 
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catches up with the black hand which has continued uninterr 
ruptedly, and both hands continue together until the side pin is 
again depressed, repeating the effect described above. This type 
of timer is also made to read in fifth seconds. 



Figure V-4. Decimal minute split timer. (Reproduction courtesy of Meylan 
Stopwatch Company, New York, N. Y.) 

Time Study Boards 

The time study board, or observation board, may have almost 
any size, shape or form. The practicability of the tool is the im¬ 
portant factor, and boards have been designed and used to accom¬ 
modate many situations. The observation board must be com¬ 
fortable to the individual who is taking the study, since he will be 
standing or walking while he records. Further, he will be concen¬ 
trating on several functions at the same time, such as the move¬ 
ments of the operator, the hands of the watch, the proper place to 
put the reading and interfering factors. Under these conditions, 
an uncomfortable, ill fitting or heavy board will be a detrimental 
factor to the accuracy of the study. 

The usual small pocket size board is about 5 inches wide and 9 
inches long. The watch is attached to the upper right hand 
comer. The paper is held by a clamp. The use of this board is 
limited, since it does not have sufficient space to permit a lengthy 
study. It is used more frequently when making cycle checks and 
combined element checks or in cases where the cycle contains few 
elements ancfls thus highly repetitive. 
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A second type board (Fig. V-5) is one whidi is slightly larger 
than the paper or form to be used. If the form used is 8^/s inches 
by 11 inches the board should be 9 inches by 12Va inches. The 
form is held to the board by a suitable strong clamp. The watch 
holder is attached to the top right hand comer of the board so that 



Figure V-5. Observations board showing positioning of clamp and watch. 


it extends out and up from the corner. This gives the time study 
engineer a comfortable position to operate the watch as well as a 
place to hold the board steady on his forearm. This type of board 
is used principally with snap-back timing. 

When using the continuous reading method of time study a 
third type board is preferred. Though this board is found in 
many shapes, the basic design (Fig. V-6) is to give a light, well 
arranged board. Pressed board is the most common niSterial used 
. in diis board, since it is strong and light. Plexiglas is becoming 
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more popular, and is used especially by engineers who prefer to 
design their own observation boards. Ple^glas is light, strong 
and can be cut easily. In addition, it can be bent and twisted With 
the application of heat to give the designer another way of modify¬ 
ing the board to better fit his particular idea of comfort. 
drawing in Fig. V-T shows one of many such modificaticms. 



Figure V-6. Diagram of a specially shaped observation board. 



Figure V-7. Diagram of a Plexiglas board modified by the observer. 

Finally, there is an observation board which uses three watches 
mounted in tandem, as shown in Fig. V-8. This set-up aids in 
accurate watch reading when using the continuous method. How¬ 
ever, the observation board becomes heavy, bulky and difficult to 
handle over long periods of timing. One could go to extremes in 
the design of observation boards, but the time study engineer, in 
order to g^ and maintain good will, should not appear cm the 
scene wi£ tools that mystify and cause wondeiment on the part 
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of the perscHis being studied. It is a trait of human nature to sus> 
pect and be wary of those things we do not understand. Thus the 
engineer is well advised to use only tools which do not impart 
mystery and this is best accomplished by the use of simple tools. 
Frequently, the persons being studied have cooperated well with 



Figure V-8. Observation board with three watches mounted in tandem. 
(Reproduction courtesy of Meylan Stopwatch Company, New York, N. Y.) 

the time ^tudy engineer and accepted his fancy watches, slide 
rules and observation boards. Here the engineer usually began 
with simple tools and as the employees learned of their use and 
value, they did not resent his improving his tools, but rather took 
an interest in them and even offered suggestions of their own. 

Observation Sheets or Forms 

While the time study engineer, when called upon do so, can 
make a perfectly legible study on a blank sheet of paper; nearly 
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every organization has time study forms. These forms are a good 
tool when they contribute to the speed, convenience and accuracy 
of the study. The designing of such forms entails a number oi 
pitfalls which must be avoided. There may be a tendency to allow 
space for insignificant information, which is seldom if ever used. 
It will be advantageous to determine the minimum data required 
on the form. At the same time, oversimplification can cause undue 
delay to the time study engineer in that he must revise the form 
before or during each study. The observation sheet therefore 
must be simple, yet ample and flexible so that it will permit the 
time study engineer to record all the required data in a convenient 
and logical manner, as illustrated by Figs. V-9a to e. 

The factors to consider in designing a good observation form 
are listed below: 

1. Size and quality of the paper is a matter of economy. It 
would not be a good idea to use a high grade of bond paper if all 
the writing to be done was to be with a pencil, nor would it be wise 
to use a paper of too poor a quality. A check on this matter can 
prove worthwhile. 

2. Have your forms printed on one side of the paper only. Un¬ 
less you feel you will use both sides of the paper sufficiently to 
warrant it, it is usually more economical and convenient to use a 
second sheet. For sketching layouts, a form on quadrille paper 
would be best suited. 

3. Pre-printed itemized and informational data should be 
placed on the left side of the form. This leaves the area of the 
form most comfortably reached for recording time data and avoids 
awkward gyrations by the observer trying to reach the lower left 
comers. (This does not apply to left handers.) 

4. Pre-printed wording should be brief. Abbreviations should 
be used wherever possible. Such statements as *"study started at 
— o’clock” can easily be reduced to **start.” Such words, for ex¬ 
ample, as “operator,” “observer,” and “description” can be abbrevi¬ 
ated to “oper.,” “obsr.,” and “desc.” 

5. The size and style of the printing should be determined to 
avoid unneaessary waste of space but yet maintain neatness and 
legibility. 
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Figure V>9a. Time study observation sheet. 

6. The main part of the form, the portion used to record the 
watch readings, should be carefully analyzed to determine the 
horizontal and vertical spacing necessary. This consideration may 
save the ^>server much time and trouble, for if the spacing is too 
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Figure V-9b. Time study sheet. (Reproduction courtesy of Werner Teitile 
^ Co^ultants, New Ycxrk, N. Y.) 
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Figure V<Od. Operator-maddrae time study chart. (Eeproducdon courtesy 
*uf Werner Textile Consultants, New York, N. Y.) 
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small the observer may have di£5culty in recording legibly. On 
the other hand, if the spacing is too large, too many sheets may 
be required to record the study, thereby causing waste as well as 
bulky data to analyze. " - 

7. Lines to be used should be examined to determine the prc^r 
weight Vertical and horizontal lines are put on the sheet to aid 
the observer in finding the proper space for the recording of his 
observations. If the lines are dl of the same weight or vary ex¬ 
cessively, the observer s eye will have difficulty fin^g the proper 
recording space. 

8. Hie color scheme can have its effect on both the observer 
and the result of the study. We know that the clearest separations 
are made by printing black and white. This is called sharpness or 
a "hard” effe^. This hard effect is rather tiring to the eyes when 
stared at over a long period of time. Furthermore, most observers 
use a pencil to record on the observation sheet. Since the pencil 
writes in a dark shade and the observer is writing in a small space, 
the contrast is now almost a blend. This could easily cause the 
person performing the summary of the sheet to read improper 
figures. Certainly this mass of black on white will not aid in the 
speed and efficiency of summarizing. Therefore, it would be 
advantageous to use a flat, slightly off-white, smooth paper which 
will tend to deflect li^t. 

The color (ff ink used for the printing of words and lines on the 
form should be about apple green. This combination is not harsh 
yet sharp and causes the recorded time to stand out more clearly. 

The simplest type form is one designed for use with the snap- 
back method of recording, since only the element time is recorded 
and subtraction is not necessary as in the continuous method. In 
the case of a task of long cycle duration where the elements are 
not repetitive, such as in studies of certain indirect labor, it would 
be more economical and practical to use a simple pad of quadrille 
paper. 

The Slide Rule 

The slide rule is an indispensable tool to the engineer in that it 
is a time saver in arithmetical calculations. For example, the 
problem 
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454 X 88X388 
354 X 52 X 251“ 

4 

can be calculated in twenty seconds with the slide rule. Further 
advantages of the slide rule are to be found in its compactness and 
low cost. 

Che mysteiy of locating the decimal point is really no mystery 
at all when the fdUowing^es are known: c 

1. In multiplication with the C and D scales; 

a. If the slide projects to the right of the stock during a multi- 
plication» the digit count for the product is one less than the sum 
of the digit counts for the multiplicand (A) and multiplier (B), 
or (A-f-B) — 1. Example: 2.5 X 30 = 75.0 where [(A = 1 
digit) -f (B = 2 digits) ] — 1 = 2 digits in product. 

b. If the slide projects to the left of the stock during a multipli¬ 
cation, the digit count for the product is equal to the sum of the 
digit counts for the multiplicand and the multiplier, or A -)- B. 

2. In multiplication with the Cl and D s(^es the opposite of 
multiplication with the C and D scales is the rule. 

a. If the slide projects to the right of the stock during a multi¬ 
plication the digit count for the product is A -j- B. 

b. If the slide projects to the left of the stock during a multipli¬ 
cation, the digit count for the product is A -f- B — 1. 

3. In division with the C and D scales: 

a. If the slide projects to the right of the stock during a division, 
the digit count for the quotient is one more than the digit count for 
the dividend (A) minus the digit count for the divisor (B) or (A 
-B)+l. 

b. If the slide projects to the left of the stock during a division, 
the digit count for the quotient is equal to the digit count of the 
dividend minus the digit count of the divisor or (A — B). 

4. In division with the Cl and D scales, the opposite of division 
with the C and D scales is the rule. 

a. If the slide projects to the right of the stock during a division, 
the digit count for the quotient is (A —■ B). 

b. If the slide projects to the left of the stock duiing a division, 
the digit count for the quotient is (A — B) -f-1* 
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These rules are quite simple to use if they are etched on the 
right and left ends of the sto(^ of the s]|de rule. 

Other Tools 
Tachometers 

Generally, revolutions-per-minute counters and feet-per-minute 
indicators are kept in the plant where they should be used con¬ 
stantly to develop and maintain proper speeds on the machine. 
However, they are important to the time study engineer when 
studying machine work. A record of speeds and feeds is needed 


Fieure V-10. kiiuct speed indicators. (Beproduction courtesy of H. H. 

Sticht Co., Inc., New Yori^ N. Y.) 
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for future reference in case of method changes and to assure prc^r 
running speeds before starting the time study. Eicamples of 
chronometric tachometers are given in Figs. V-10 and V-11. 
There are two pointeris and two scales on the dial of this instru¬ 
ment The smaU pointer or hand,marks one (1) for every com¬ 
plete revolution of the large hand. Thus one complete revolution 
of the small hand corresponds to ten revolutions of the large hand. 
Both the large dial and the small dial are <hvided into ten (10) 
equal segments. The large dial however is further divided into 



Figure V-11. See caption to Fig. V-10. 


ten (IQ) jequal segments within the major divisions and then these 
smaller divisions are each further divided into five (5) equal seg¬ 
ments. This makes it possible to make extremely fine readings, 
since on certain models there are five hundred divisions on the 
face of the large dial, so that each fine division is equal to ^/looth 
of 1 RFM. The operation of the chronometric type tachometer is 
simple, fast, convenient and accurate. Various types of removable 
tips can be used with this type of speed indicator, thus making it 
quite versatile. To illustrate the use of a speed indicator, we 
may examine the instrument in Fig. V-10 with large numbered 
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divisions of 10 RPM and smaller dial divisions of 100 RFM. A 
test would be performed as foUows: 

The tip most suitable for the test is placed ov^ the spindle of 
the tachometer. The point of the tip is pressed into the center of 
the shaft and the spindle is now turning with the shaft, but it is not 
recording. The next step is to press the side button and then re> 
lease it quickly. This sets both of the hands on the di^ to 2 ero 
and starts the chronometer movement. After exactly six seconds, 
the hands stop moving and the instrument is removed from the 
shaft. The revolutions per minute may now be read directly from 
the scale of the instrument. 

Most of these instruments are manufactured to operate at a 
precision of ^/2 of 1% which is considerably better than can be 
achieved by using a tachometer in one hand and a stop watch in 
the other. 


Motion Picture Equipment 

It has often been said that "Tlie hand is quicker than the eye.” 
Frank B. Cilbreth instituted the motion picture procedure for such 
situations. Where operations were too fast for the human eye to 
comprehend fully, motion pictures were taken and the film was 
then analyzed in detail at slow speed. This work was done with a 
bulky 35 mm camera. Today the versatile and inexpensive 
so-called amateur 16 mm camera and equipment are more widely 
used in motion study and operation analysis. The film obtained 
serves also as a permanent record for future review and verifica¬ 
tion of such details as elemental times, standard procedures, 
methods, type equipment and tools used, distances and surround¬ 
ing area. 

Another application of motion pictures is in the area of training 
operators and supervisors. Here, the motion picture becomes a 
visual aid which has been proved to be an ^ective means of 
shortening the time spent in training and in maintaining pro¬ 
ficiency in the plant and office, thus lowering overall costs. 

Modem equipment for fihning presents no problem even for 
someone who kiu never operated anything more complicated than 
the box camera. A list of equipment n^ed wffi vary with in- 
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dividual preferences as well as the changes caused by die constant 
improvement being made in techniques and apparatus. There¬ 
fore, the list presented here deals with the fundamental equipment 
found to be die more important in motion study work. 

1. Turret camera (Cine Kodak K-lOO, Bell and Howell 70 Dr, 
Bolex H-16) with fl.9 focussing lens, f2.8 telephoto lens and 16 
mm f2.8 wide angle lens. (See Fig. V-12.) 

2. Exposure meter. >> 



Figure V-12. Bell and How^ 70rMR time and motion study camera. (Re¬ 
production courtesy of Bell and Howell Ck)mpany, Chicago, Ill.) 

3. Tripod with 180® tilt and 360° panoraming head. 

4. Ei^t with four lamp bar and No. 375 reflector type photo 
flood lights. 

5. Projector with hand crank and frame counter. (See Fig. 
V.13.) 

6. Combination film editor, splicer, and revidnder. 

7. Class headed projection screen, 30 X 40 or 37 X 50, portable. 
The camera is the most important item on this list. On a spring- 

driven camera, it is important diat it will run at a constant speed 
and ejqpose from one to two minutes of film per"*winding at die 
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normal numing time of 16 frames per second. Hi^e are, of 
course, cameras driven by a synchronous motor, which runs at a 
constant speed and exposes the complete spool of film uninter* 
rupted. lliis is a better type camera and the one used on opera¬ 
tions with larger cycles, where interruption for winding is not 
permissible. 



Figure V-13. Bell and Howell 173BD time and motion study projector. (Re¬ 
production courtesy of Bell and Howell Company, Chicago, 111.) 

The turret type camera permits easy changes between the 
normal, telephoto and wide angle lenses. The need for other 
than the normal lens is quite frequent. Thus when space limita¬ 
tions do not permit one to get far enough away from the subject 
to include all of the action, a switch to the wide angle lens, with its 
shorter focal length, permits one to encompass a wider field from a 
shorter distance to subject. The opposite is just as likely to occur. 
The need may arise to photograph a close-up ot the hsmds of the 
operator working in a limited area. With the telephoto lens this 
can be done without placing the camera so close to die operator 
that it might infioduce an el^ient of disturbance. 
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Time Recording Machines 

Use has been made in time study of time recording machines, 
such as the Marstochroii. This is a recording bdx through which 
a tape is drawn at a uniform speed of 10 inches per minute by an 
electric motor. The tape is scaled in tenths of an inch, making 
each division the equivalent of 0.01 minute. The Marstochron 
^as two keys which when pressed print a m^rk on the tape. The 
start of an element is recorded by pressing TOth keys, making two 
marks on the tape, while the end of the element is record^ by 
depressing a single key. 

A code pattern may be used for a limited number of elements. 
The Marstochron is found useful to time short cycles. However, 
it does not possess the flexibility usually required in time study 
work. 

Another device such as the Servis recorder (Fig. V-14) is used 



Figure V-14. Servis recorder, used to record the working time of a ma¬ 
chine. (Reproduction courtesy of The Service Recorder Company, Cleve¬ 
land, Ohio.) 

to record the working time of a machine. The recorder is attached 
to the machine and the vibration of the running machine causes a 
stylus to record on a paper disc. When the machine stops, the 
stylus does not record. Ihe disc is divided into hours and minutes, 
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and thus presents an accurate record of idle time and working 
time and the periods of the day during which delays occurred. 

The Kymograph is a timing device which w^ measure and 
record to the nearest one>hundred-thousandth of a minute. This 
instrument is used in research work. 

Two devices used in conjunction with spring wound cameras to 
indicate elapsed time, are the Microchronometer and the wink 
counter. The Microchronometer will indicate two thousandths of 
a minute on a dial, while the wink counter furnishes numbers 
directly from a window in thousandths. Each instrument is usu¬ 
ally placed beside the operation in the area being photographed 
to record accurate timing on the film. 



CHAPTER VI 


Performance Rating 

The process of establishing time standards, regardless of the 
me&od or procedure employed, will always have as its goal the 
setting of a standard time which is considered reasonable for 
completing a defined task. A time so set thus aims to be fair to 
both employee and employer. The time standard establishes 
worker requirements as measured against some recognized or 
accepted “yard stick” or standard of work. 


Systems for Applying Judgment 

A time standard wfll always embody a certain degree of judg- 
ment on the part of the individual or individuals responsible for 
the values used in forming the standard. This judgment may be 
applied in one or more of the following ways: 

1. Basing the standard on time study data obtained from studies 
on selected operators. 

2. Selecting watch readings from studies made on one or more 
operators. 

3. Selecting those watch readings judged to represent a desired 
performance level. 

4. Adjusting observed time values in accordance with judged 
pace or speed, evidenced by the operator for an entire study or 
parts of a study, based on the observer s conception of normal or 
expected pace. 

5. Use of effort rating techniques or pace rating. 

6. Use of so-called objective rating, based on pace rating plus 
an adjustment for job difficulty. This involves use of a “leveling” 
tedinique, based on the evaluation of operator performance in 
terms of skiU, effort, conditions, and consistency, m 

7. Application of synthetic leveling, which consists of compar¬ 

er 
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ing observed elemental times with accepted standard times for 
elements which are common to many time studies, and then es¬ 
tablishing the level of performance on the basis of this relationship. 

8. Use of standard data or predetermined time standards. This 
involves the application to new work situations of time values that 
have been determined from prior rated studies of operations in¬ 
volving like motions or motion patterns. 

The extent to which individual judgment influences a given 
standard depends upon the adequacy of the rating technique and 
the consistency of its application. Regardless 0 $ the system or 
technique employed, the performance rating procedure can be 
reduced to a common goal of measuring the effectiveness of an 
operator s work or accomplishment against a recognized or ac¬ 
cepted standard. 

The yard stick or recognized level of performance, to which 
individual operator performances are related, may be described 
in terms of average, normal, expected, or standard performance. 
All these terms are generally recognized as designating the ac¬ 
cepted level of performance required of an operator to entitle 
him to earnings equivalent to the base pay for the particular job. 
The most commonly used and recognized term is probably normal 
performance. 


Quantitative Evaluation 

The quantitative terms used to describe normal performance 
may dif^r between companies ranging from values of 60-normal 

TABLE VI-1 


Quantitative Terms and Attendant Earning Levels 


Example 

Normal 

Incentive average 
(+20%) 

Incentive average 
(+33V.%) 

Term 

Base 

pay 

Term 

Average 

emiings 

Term 

Average 

earnings 

A 

60 

$1.00 

72 

$1.20 

80 

$1,333 

B 

.72 

1.00 

90 

1.20 

100 

1.333 

C 

TOO 

1.00 

120 

1.20 

133*/. 

1.333 




VI. PERFORMANCE BATING 


69 


or 75>nonnal, to lOO-normal. These numerical expressions usually 
describe essentially the equivalent levels of performance, and 
represent the selected numerical description for normal per¬ 
formance to which other levels of performance are related. The 
examples in Table VI-1 illustrate numerical relationships and 
attendant earning levels. 

Why Performance Rating Is Necessary 

DifiFerent operators on the same job may exhibit varying levels 
of productive ability. Analyses of output on incentive jobs often 
reveal ratios as high as two to one or greater between the produc¬ 
tion of the highest and lowest operator. This variability will de¬ 
pend upon physical capacities, experience, motivations, attitude, 
and similar factors. Additional variations will occur when opera¬ 
tors performing the same task use difiFerent methods. When a 
given task is performed by trained operators, all following the 
same method and all having had adequate prior practice oppor¬ 
tunity, it may usually be expected that at least 90% of the opera¬ 
tors studied will exhibit performance levels faUing within a range 
of 80% to 120%, when 100% is considered to represent normal 
performance. 

With this wide variatioil' in individual output, it is necessary 
for the time study engineer to rate performance or apply some ad¬ 
justment to the actual times recorded, so as to convert them to 
those expected of the normal operator. 

Without use of rating procedures, two major deficiencies in rates 
would occur: 

1. Rates based on studies of better-than-normal operators 
would be “tight.” The standard time values would be too short 
for the average operator, working at normal performance, to make 
expected earnings. It would provide no additional earnings for 
the better operators. 

2. Rates based on studies of poorer-than-normal operators 
would be loose. Earnings generally would be excessive and the 
earnings of the highest producers would be extremely high. The 
standard time per unit, if based on studies of the “80” operators, 
would permit the “120*’ operators to earn approximately one and 
one half times the intend^ wage possibility. 
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Requirements of a Desirable System 

Since consistent results are generally considered prime requi¬ 
sites o£ the rating system used, the most desirable technique is one 
that minimizes the area of individual judgment requir^ on the 
part of the time study engineer. This necessarily means that the 
system used must involve a minimum number of factors through 
which the operators productive ability is measured or evaluated. 
The factors included must be characterized and defined in terms 
that can be easily understood, mastered, and applied by the time 
study observer. The system should be so constructed that it can 
be satisfactorily explahied to the operators. 

SmU and Ejfort Factor Flan 

The plan described below permits measurement of variation in 
operator productive ability by evaluating the factors of shiJl and 
^ort, in a manner similar to that suggested under the leveling 
technique. The term skill in connection with performance rating 
is defined in its narrow sense as "proficiency at following a given 
method.*** 

In rating skill, the time study observer judges the degree of de¬ 
parture from normal skill by following defined levels of skill which 
serve as guide-posts. By considering observed precision of move¬ 
ment, general coordination and rhythm and hesitations exhibited 
by the operator, skill can thus be evaluated. The nomenclature 
for defined levels of skill usually progresses upward from average 
skiU, representing the level of skill deserving earnings equivalent 
to the base pay, to good, excellent, and super-skill; and progresses 
downward to fair and poor skiU. 

The term effort commonly used in connection with peilormance 
rating, may be defined as "the product of the will to work.** 
Effort exhibited by an operator is evaluated in terms of the degree 
of departure from normal effort as measured by such observed 
factors as exertion, attentiveness, interest, attitude and enthusi¬ 
asm. The degrees of effort are described progressively from 

* Maynard, Q. B., Manufacturing Method»—Time Study Bating and Fer- 
formance. Methods Engfne^ing Councfi, 1947. 
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normal upwards to good, excellent and excessive effort; and down¬ 
ward to fair and poor effort. 

The adjustment factors called for by each level of skill and 
e£Fort may vary, depending upon a company's assigned definitions 
to each degree of skill and effort. The simplified scale of values 
listed in Table VI-2 represents an average of the usual pattern 
encountered. 


TABLE VI-2 

Scale of Values for Skill and Effort 


Degrees of 
skill and effort 

Factors for 

performance adjustment 

Super sldll 


Excessive ^ort 

1.40 

Excellent skill 


Excellent effort 

1.25 

Good sldll 


Good effort 

1.10 

Average sldll 


Normal effort 

1.00 

Fair sldll 


Fair effort 

.90 

Poor sldll 


Poor effort 

.75 


Many performance rating systems utilize smaller scale inter¬ 
vals than indicated by the example above, by assigning inter¬ 
mediate values to the "hi^ side” and low side” of each degree 
above and below normal. According to some schools of 
thought, the values assigned to the upper and lower ranges of 
skill pro^de a greater adjustment to actual average unit times 
than the values assigned to parallel degrees of effort. 

Using the performance rating diart above, the performance ad¬ 
justment factor by which raw time study data are adjusted to 
normal performance, is the simple average of the skill rating fac¬ 
tor and the effort rating factor. For example: if the time study 
observer rates an operator's performance for a given element of 
work as "excellent skill” and “good effort,” the adju^jtment factor 
would be 1.175 which is computed as follows: 
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Excellent skill ^ 

Good e£Fort = 1.10 

Total = iias 

Average = 2.35/2 = 1.175 

A table of adjustment factors for all possible combinations of 
skill and effort ratings is usually provided for easy reference. 

Adjustment Factors by Study Elements 

One of the most widely accepted performance rating pro¬ 
cedures is that of recording skill and effort ratings for each time 
study element of work of the job studied. The resultant per¬ 
formance adjustment factors are then applied to the actual aver¬ 
age unit times for each element. In the case of studies extending 
over long periods of time, the time study observer may record 
performance ratings for each element at periodic intervals, or for 
specific groups of readings so as to allow for changes in the per¬ 
formance level exhibited. 

Factors Affecting Accuracy of Ratings 

It has been found that rated unit times, established from 
studies on operators working at performance levels close to the 
recognized normal performance, result in a greater degree of 
consistency than rated unit times taken from studies on operators 
working at extreme performance levels. This is true wh^ com¬ 
paring rated unit times for like elements of work made by the same 
time study observer on different operators as well as rated unit 
times established for the same element of work by different 
observers. The application of judgment in evaluating pe centage 
departures from normal is more difficult when the higher levels 
or lower levels of performance are encountered. Aside from the 
difficulty of exercising accurate and consistent judgment in rating 
skiU and effort, an additional variable known as methods-’Ckange 
factor is introduced to the family of factors affecting individual 
operator output. Minor method changes are generally the result 
of long practice and particular aptitude, which enable some 
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operators to perform work elements with *lower case” or less 
time consuming basic motions than would normally be considered 
average or expected motion patterns for most operators. 

Depending upon the chamcteristics of die work performed, 
this methods-change factor will have varying effects on operator 
output, above and beyond the effects recognized in the sldll and 
efi^rt rating technique. It has been found in some industries 
that the methods-change factor contribution tq the output of some 
operators, capable of performing in the higher ranges of skill, is 
equal to or greater than the skill and effort factor contribution.^ 

Aids to More Consistent Rating 

Performance rating can be successfully accomplished by com¬ 
petent time study engineers with reasonable training and under¬ 
standing in the use of a measuring technique. It is best that 
the technique be simple, with well-defined factors and character¬ 
istics, so as to minimize the area of evaluation necessarily left 
to individual judgment. Consistency in rating can be satis¬ 
factorily maintained through such aids as spot-rating practices, 
rating Mm practice and checks and on-the-job rating checks by 
a competent time study engineer. The accuracy, life span, and 
success of standards for textile jobs, set by time study and per¬ 
formance rating, will greatly depend on the use of thorough 
methods by the engineers and foremen, extensive programs of 
employee selection, placement through proper aptitude tests and 
sound training methods. Mill management can aid in this en¬ 
deavor by approving and effecting programs for educating opera¬ 
tors and supervisors in the "whys and hows” of industrial engineer¬ 
ing fundions. 

^ Maynard, Stegmerten and Schwab, Methods-Time Measurement, 
McGraw-HiU Book Co., 1948. 
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Time Study Allowances 


Since the time standard for an operatioii' should permit the 
average employee to work on without undue fatigue and to per¬ 
form the task easily in the standard time, it is evident that this 
standard must include not only all the elements that enter into 
the operation but also allowances for personal needs, rest and 
delays. The ideal situation would permit a careful study of the 
operation over a sufficiently long period to class the aUowances 
into the following categories: (a) personal allowance, (b) 
fatigue allowance, and (c) delay allowance. 

Penonid AUowancea 

Every worker must be allowed time for his personal needs. 
The time required for drinks of water and for rest room necessities 
will vary with male and female workers. The allowance for per¬ 
sonal needs under light work generally run from 2 to 4 per cent 
of the base time, with the highest allowance for female workers. 
Although the amount of personal time will vary with the indi¬ 
vidual rather than with the kind of work, it is a fact that employees 
need more personal time when the work is heavy and done under 
unfavorable conditions, particularly in hot and humid atmosphere. 
Under such conditions studies woidd undoubtedly show that more 
allowance than the normal 2 to 4 per cent range should be made 
for personal time. 


PaHgue AOowance$ 

Fatigue is one of the most important forces limiting produc¬ 
tivity. Progressive management is constantly majdng efforts to 
reduce or eliminate real fatigue in industry. Yet,^despite man- 

75 
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agement*s recognition of the need for equi^nnent and other 
devices whidi will reduce the fatigue in an operation, fatigi^ still 
remains an important factor in determining normal output any 
operation. ; 

One of the many accomplishments of time study work is the 
conservation of human energy. To that end, it eliminates use¬ 
less motions and thus releases energy that can be applied usefully. 
Energy values cannot be used fully unless they contain, among 
other things, proper rest factors and fatigue allowances. Fatigue 
not only diminishes the strength and vitality of labor, but ^o 
reduces the quantity and quality of output. Since fatigue is a 
by-product of manual energy, it is evident that operations which 
result in a high degree of fatigue will cost more than those in¬ 
volving lower degrees of fatigue. 

Rest or fatigue allowances do not lend themselves to timing 
with a stopwatch or to rating, but they are nevertheless subject 
to analysis. Mature judgment, backed by compiled data, can 
often take the place of timing or exhaustive research work in 
arriving at rest allowances that make up this part of the time 
study standard. 

Generally speaking, fatigue on industrial operations can be 
classified under two headings: (a) physiological and (b) mental 
or personal. 


Effects of General Work Environment 

Conditions on the job can have a marked bearing on the worker. 
Lighting is becoming increasingly recognized as a most impor¬ 
tant part of the industrial scene. Drop cords and incandescent 
lights are giving way to modem types of glare free lighting, 
which has materially reduced eye strain and the attendant op¬ 
erator fatigue. Dirty or unsanitary conditions react against the 
morale of the operator, thus creating a further fatigue problem. 
Unusually noisy or vibrating machines in a worker’s vicinity 
lower vitality and endurance. 

Sometimes .more fatigue is felt by an operator if his work is 
isolated from the other workers. His loneliness directs his 
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thou^ts to his own troubles, thus provoking a mental or physical 
state resulting in less energy to perfcarm &e job. It has often - 
been noticed that the faster workers in a group will, by their 
work pace, bring about an increase in the speed of slower workers 
in the group. On the other hand, there have been instances of 
workers so susceptible to outside influence, that if their work 
is Ipcated near a drinking fountain or some other ^a of heavy 
traffic, they will be distracted every time someone comes near 
their work area. 

Working conditions which are dangerous and may cause serious 
injuries induce mental exhaustion for which compensation must 
be made. A subconscious fear may not be outgrown by an indi¬ 
vidual and may thus prove to become a retarding factor on a man's 
productive efforts. This type of condition is not encountered 
very frequently in the textile industry, but it is a factor which 
must be considered in some instances. 

In textile operations work is performed under various condi¬ 
tions. Some work is performed under near ideal conditions 
while in other instances high humidity, heat and noise contribute 
to a definite lowering of output from increased fatigue. 

There are, of course, many outside conditions which may add 
to fatigue in the plant but which cannot be controlled, especially 
those of a personal nature. Of those factors which arise within 
the plants, the following could be considered as being most 
important: (I) Physical demands of the job. (2) Nervous de¬ 
mands of the job. (3) Noise of work environment. (4) Illumina¬ 
tion of work place. (5) Accident hazards of the job. (6) Dura¬ 
tion and time of work period. (7) Air conditions of work en¬ 
vironment. (8) Monotony of job. 

Fatigue as induced by any of these causes is not a theoretical 
matter, but a subject that represents actual production costs. 

Range of Allowances 

Fatigue or rest allowances are usually applied to each classifi¬ 
cation of work in the form of a per cent of the base |jme. These 
allowances normally fall within a range of 8 to 20 per cent. An 
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example of the range of ordinary classificatimis of fatigne allow¬ 


ances is shown below: 

Move empty truck 8-11% 

Move truck with light load 12-14% 

Move truck with medium load 15-17% 

Move truck with heavy load 18-20% 


The range of 8 to 20 per cent in fatigue allowances is predicated 
on ordinary jobs under ordinary working conditions, supple¬ 
mented by an additional personal allowance of 2 to 4 per cent. 
When analyzing an operation, one must determine whether any 
conditions found on a job can be improved so as to reduce or 
eliminate all fatigue causing elements. The maximum percent¬ 
age of rest allowance, excluding personal allowance, applied to 
a standard should not exceed 20 per cent. When one considers 
that 20 per cent of eight hours represents 1.6 hours of fatigue 
allowance per day, it becomes apparent that this amount of time 
is sufficient to cover the maximum diminishing effort for all 
ordinary jobs. 

There is at the present time no satisfactory way of measuring 
fatigue except in terms of reduced productive output. Therefore, 
all-day studies of the operation, made over a period of time, repre¬ 
sent the only sound way of determining the allowances to be made 
for work involving considerable fatigue. 

Delay Allowances 

Delays may be classified as avoidable or unavoidable. Delays 
created by the operator intentionally will, of course, not be con¬ 
sidered in determining the time standard. Unavoidable delays do * 
occur from time to time and are caused by the machine, the oper¬ 
ator or some outside force. 

It is expected that in the well managed textile plant the ma¬ 
chinery will be kept in good repair. However, when there is a 
breakdown or when repairs are necessary, a procedure must be 
set up to protect the operator who is on incentive. Allowance for 
unavoidable^delays cannot be built into a standard. Such delays 
must be handled more or less on an individual basis, with the ma- 
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dbine assignment sometimes affecting the final aliovi^ce. If 
some rearrangement of an operator's assignment can be made to 
offset the portion of the original job stopped by unavoidable de¬ 
lays, it will not be necess^ to set up any allowance. On the other 
hand, if additional work is not available, the only recourse is to 
pay the operator a downtime allowance or the base rate for the job. 

Si^ediided or anticipated delays can sometimes be offset through 
extended assignments or rearrangement of an-assignment. If a 
major portion of a job is stopped because of a condition that will 
prevafl for the better part of a shift, and other work or machines 
are not available, it may become desirable to stop the entire job in 
order to avoid excess labor costs. Should it nevertheless be neces¬ 
sary for production requirements to run only part of a job, then the 
operator should be paid the base rate or some other predetermined 
amount. 

Sometimes there are minor delays which occur intermittently 
and are considered part of the job. These can be included in the 
standard and should be based on data recorded on time studies 
made over a reasonable period. Delays caused by routine doffing, 
creeling and cleaning are generally considered in developing cycle 
time and are taken into consideration in laying out the job assign¬ 
ment. 

Interference is a factor which can be handled on the basis of ex¬ 
perience in laying out job assignments or through the use of pub¬ 
lished tables and charts prepared by recognized authorities. 

Supervision should exert every effort possible to insure a steady 
flow of material to all operators. Should a shortage of material for 
an operation develop, the usual procedure is to pay the operator 
downtime at the base rate or some other predetermined amount. 

Each delay encountered by the time study engineer should be 
studied carefully, and every reasonable attempt be made to mini¬ 
mize or eliminate the time loss. 


Determinaikm mid Application frf AUowance$ 

Personal allowances vary from one company to another. Many 
textile concerns include this allowance in die overall faytigue allow¬ 
ance. Generally speaking the personal needs of a worker on an 8 
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hour shift will fall within a range of 2 to4 cent. For operations 
with unusuM conditions, such as hi^ temperatures or hi^ humid* 
ity, time studies over an ^tended period would yield the desired 
information on the personal time required. 

Fatigue allowances can be handled in, numerous ways. The 
length of the work day and the work week will have a dedded 
effect on fatigue. Considerable variations will be found in com* 
paring allowances for fatigue as used by various companies; how¬ 
ever, in the final analysis the end result will genert^y be quite 
comparable. Usually, a trained time study engineer can approach 
fatigue problems in a systematic manner and dispose of them in 
either a direct or indirect way. The direct way solves the problem 
by actually timing the job to determine the loss in production re¬ 
sulting from fatigue. The indirect way relates to the use of gen¬ 
eral reference fatigue data obtained from extensive research work 
on various kinds of jobs. The latter method can be a prolonged 
process which may not justify the expense involved. 

A third method, which is probably the most common and suit¬ 
able in the textile industry, involves the setting up of fatigue allow¬ 
ances expressed in percent for various work elements in textile 
plants. After all general work elements in the plant are lined up, 
percentages are applied to each general classification. The per¬ 
centages should begin with a minimum of 8 and should not exceed 
20 per cent, except for unusual situations of sustained periods of 
strained position or heavy lifting. If a single allowance for per¬ 
sonal and fatigue is used, the minimum is usually 10 per cent and 
the maximum 25 per cent. 

As previously stated, any classification which is obviously be¬ 
yond this range should be handled on an individual basis, with 
time studies showing the reduced output as the basis for the allow¬ 
ance required to maintain uniform output on the job. 

Delay allowances which are built into the standard should be 
determined from actual studies on the job. Unavoidable delays 
and other interruptions on a job should be handled in accordance 
with an establish^ policy covering such situations. 

The standard for an operation should permit the avera^ em¬ 
ployee to wprk on that operation for the entire shift without undue 
fatigue and to perform tbe task in the standard time. In order fear 
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this to become a reality the standard must include all ^e elements 
that enter into the operation plus time for personal needs, rest and 
delays. « 

Personal allowances, if applied separately, are added to the base 
time. Fatigue allowances or rest factors should never be applied 
to a standard as a blanket or total allowance. Instead, the per> 
centage should be added to each individual element of the opera> 
tion. Some authorities state that this allowance should apply only 
to those elements during which the operator works and not to any 
machine attention time. Delays can be applied as a percentage 
of the base time or built into the standard on a frequency basis. 

Establishment of allowances calls for the utmost care and discre¬ 
tion on the part of the time study engineer. In some cases the 
fatigue factor may present problems going beyond the normal 
procedures established for applying such allowances. Neverthe¬ 
less, since fatigue is a factor which prevents continuous, sustained 
and uniform effort of an operator over an extended period of time, 
it should receive the same consideration as is given to any other 
important principle of manufacturing. 




CHAPTER VIII 


Computation of Standards 

A standard is derived from the collection of data pertaining to 
specific elements of work required to perform a job. The perti¬ 
nent data should be arranged in logical order adhering strictly to 
the various parts of work elements necessary, and contain no ex¬ 
traneous information. Since wage payment is determined from 
the outcome of a time study standard, the standard should be com¬ 
puted accurately, based on complete and factual data. 

Three major mathematical decisions must be made in develop¬ 
ing a standard. These are concerned with establishment of (a) 
normal elemental times, (b) allowances, and (c) frequencies of 
occurrence. Each of these will be discussed individually. 

Establishment of Elemental Times 

In order to establish fair elemental times, it is not always pos¬ 
sible to study those operators who are skilled in performing a job 
in the best and shortest way. It is however helpful if the operator 
is at ease during the study, knows his job well and works at a 
steady performance level during the study. But such operators 
are the exception ratber than the rule. People are hesitant about 
being watched while they work; they are even more concerned 
if notes are taken by the observer; and they are often upset and 
perform erratically when a stop watch is used. The resultant 
nervousness tends to confuse the operator, throwing him off his 
regular schedule. As a consequence, the resultant stop watch 
readings may show a great deal of variation. 

By mathematically adjusting the stop watch readings to normal 
times, most of the variation in time from one reading to the next 
is eliminated. Whether this mathematical process is called 
Teveling,* “speed rating,” “averaging,” “normalizing,” or any 
other tide is of little importance. Ihe need for arriving at a 
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standard normal time, representing the time in which the element 
of work may be performed by a normal operator working at nor¬ 
mal speed and efiFectiveness, is evident from the discussion in 
prior chapters. The mathematics of performance rating was 
covered in detail in Chapter VI. 

Esiabliahment of JMowance» 

Using only the normal elemental times mentioned a.bove will 
not be sufficient for a workable and satisfactory standard. Vari¬ 
ous allowances must be included in the standard normal times to 
compensate the worker for fatigue incurred by the task performed, 
for personal time, and for efficiency rating or effort rating. 

In Chapter VII, a complete description is given of the various 
allowances applicable, including methods of determining the 
proper allowances. Since this is often a matter of judgement and 
individual management philosophy, it is desirable to apply allow¬ 
ances on the basis of definitely established procedures which have 
the full knowledge and approval of management. 

Determining Frequency of Occurrences 

“How often?” is a question that must be answered for every 
element of work. Some elements occur every time in a work 
cycle, some at lesser frequencies, and some almost never. Each 
element must be allowed for as often as required, but no more 
and no less. Some occurrences are easy to establish, while others 
are more difficult. End breakage frequencies for example, must 
be determined by actual observation. And these occurrences are 
sometimes subject to frequent change with changes in the charac¬ 
teristics of raw materials, temperature or humidity, variations in 
speed and many other situations. Occurrences which can be es¬ 
tablished more definitely are those whidi are set on a predeter¬ 
mined basis, such as shift elements which take place onty once or 
twice per shift. In Chapter IX the need for establishing correct 
occurrence rates is shown as an item affecting the validity of 
standards.** 

Tables VIII-1 and VIII-2, together with the formulas for time 
study calculations at the end of this chapter, should be he^ful in 
calculating production rate standards. 
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TABLE VIIM 

Abbott Vending Rate Calculations, 22’s Yarn 


Quantity * 

Symbol Calculation 

Value 

Knots/min. 

A 

18 

Mins./40>hr. week 

B 

2400 

Knotter efficiency 

C 

85% 

To|al KPM at head effcy. 

D AXBXC 

36,720 

Package wt., lb. 

E 

3.88 

Bobbin wt., lb. 

F 

.2175 

Bobt^/package 

G £+ F 

17.84 

% Breakbacks 

H 

25 

Total bobbins including breakbacks / G -i- H 

23.79 

Total ratio 

J IX H 

5.95 

Total units/package 

K /+ + 1 

30.74 

Total Ibs./machine 

L (Z) fO X 

E 4635 

Spindles/machine 

M 

150 

LbB./40-hr. spindle 

N L + M 

30.90 

TABLE vni-2 


Spooler Rate Calculations, I4’s Yarn 


Quantity Symbol Calculation 

Value 

Spindles/machine 

A 

180 

Mins./cycle 

B 

3'. 30 

Lbs./bobbin 

C oz. bbn. -f- 16 

.2469 

Lbs./cheese 

D 

1.50 

Bobbins/lb. 

E 1 + C 

4.05 

Bobbins/cheesc 

F Z) X £+ 1 

7.08 

Cheeses/cycle 

G A^ F 

25.42 

Bobbins/cycle 

H A - G 

154.58 

% Reties 

I H- 20% 

123.66 

Total 100% cycle 

J 60 X 40 £ 

727 

Head efficiency 

K 90% 

654 

Net bobbins/week 

L IXK 

80,874 

Net bobUns/cheese 

M DXE 

6.08 

Cheeses/week 

N L-i- M 

13,302 

Lb8./40-hr. spooler 

Q NXD 

19,953 

Lbs./40-hr. spindle 

W A 

110.85 

% Effidency 


72.00 

Tenders spoders 

Y 

3 

Overall units/min./op. 

Z 

15.47 


* Calculations for overall units per minute per operator: 

Z ■■ (creels per min. + cheeses per week) -4- total tender minutes 
■■ (if X A (1.00 + 0.20) + total minutes 

- l«54 X 180 + (1.00 + 0.20) JV] + 2400 X 3 ' 

- 15.47 




m 


•mas BtOEV MANUAL 


Condwiofi 

If each of the foregoing items is correctly applied, the standard 
can then be the mathematical sum of all of its parts. Using the 
correct normal time for eadb element, including proper aJlow- 
aiK»s and occurrence rates, the final calculations should result in 
an accurate and workable standard. 


pRODucnoN Calculations 


Pickers 

Laps per 40>hour picker at 100% production = minutes per 40 
hours <f* minutes per lap. 

Production per picker in 40 hours = laps per 40-hour picker X 
per cent expect^ efiBciency X weight per lap. 

Cards 

Pounds per card in 40 hours = (coder RPM X coder roll diameter 
X 3.1416 X minutes per 40-hour week X grain sliver X per cent 
efficiency) -i- (inches per yard X grains per pound). 

Drawing 

Pounds per drawing delivery in 40 hours = (calender roll RPM 
X calender roll diameter X 3.1416 X minutes per 40-hour week 
X grain sliver X per cent efficiency) (inches per yard X grains 
per pound). 

Fly Frames 

Pounds per spindle in 40 hours = (front roll RPM X production 
constant X front roll diameter X per cent efficiency) -4- hank 
roving made. 

Production constant based on 40 hours = (minutes per 40 hours 
X 3.1416 X roll diameter) -4- (inches per yard X .840 yards per 
pound). For 1-inch roll, constant is thus 0.2493. 

Spinning 

1. Hades pefi- frame in 40 hours = front rdl RPM X production 
constant X per cent efficiency. 
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2. Pounds per sjundle in 40 hours = hanks per 40 hour frame X 
(100 minus per cent contraction) yam number. 

3. Efficiency 

(a) Pounds per spindle hour = front roll BPM X production 
constant X per cent contraction -f- yam count. 

Production constant = (3.1416 X ^ minutes) -f- (36 inches per 
yard X 840 yards per hank). 

(b) Minutes (running) per do£F = (pounds per spinning 
bobbin X minutes per hour) -i- (pounds per spindle hour). 

(c) Number of doffs per 40 hours at 100 per cent = minutes per 
40 hours -r- minutes per doff. 

(d) Number of doffs at efficiency = [minutes available (aDow- 
ing 2 to 3% for mechanical stoppage)] ^ [minutes per running 
doff plus minutes actual doffing time]. 

(e) Per cent efficiency = number of doffs at efficiency -f- num¬ 
ber of doffs at 100%. (To aUow for interference, subtract 1% 
and the fraction.) 

4. Spindle Speed 

(a) Turns per inch = twist multiple X square root of yam 
number. 

(b) Spindle RPM = turns per indi X 3.1416 X front roll 
diameter X front roll RPM. 

5. Traveler Speed: feet per minute of traveler = ring diameter 
X 3.1416 X spindle speed -h inches per foot. 

Foster Winding 

Poimds per spindle in ^ hours = (YPM X minutes per 40 hours 
X per cent ^fidency) -f- (840 X yam number). - 

Twisting 

Pounds per spindle in 40 hours = (front roH RPM X .2493 (pro¬ 
duction constant) X front roll diameter X per cent i^dency) -r> 
twisted yam number. 
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Abbott QuUUng 

Number of quills at 100% = minutes per 40 hours -r- running time 
per quill. 

Number quills at efficiency per 40 hours = quills at 100% X 
efficiency. 

Pounds per spindle in 40 hours = number of quills at efficiency 
X weight per quill in pounds. 

Beamers 

Pounds per week = ( YPM X minutes per 40 hours X ends per 
beam X efficiency) (840 X yam number). 

Slashing 

Yards per slasher in 40 hours = YPM X minutes per ^ hours X 
per cent efficiency. 

Weaving 

Yards per loom in 40 hours = (picks per minute X minutes per 
40 hours X per cent efficiency) -r- (36 X picks per inch). 

Size in warp = per cent size X bare warp. 

Weight of bare warp = (ends X contraction) (yam number 
X 840). 

Weight of filling = (width in reed X picks per minute) -r- (yam 
number X 840). 


Fly Frame Rate Calculations 


i. Data Given 




Type frame 

Slubber 

Size frame 

10X5 

RPM front roll 

170 

Doffing time per 


Diameter front roll 

IV/' 

frame 

11.107 mins. 

Spindles per frame 

108 

Cleaning time 

211 

Pounds per bobbin 

1.69 

Piecing time 

150 

Hank roving 

1.20 

Creeli^ time 

145 

Pounds per can 

13.5 

Creel time per 
unit 

.46 
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2. Production Ccictdations 

Lbs./40-hr. spdl. at 100% = FR Speed X .2493 X dia. F.R. 

hank roving (where .2493 is the 
production constant for a 1-inch 
dia. firont roll for 40 hours) 

= 170 X .2493 X 1.25 1.20 = 44.15 

Lhs./40-hr. frame at 100% = lbs./40-lu*. spdl. spdls./frame 

= 44.15 X 108 =o4768 

3. Operator Time Ctdculations 

No. doffs at 100% = lbs./40-hr. spdl. -h Ibs./bbn. 

= 44.15 -f- 1.69 = 26.12 

Total doffing time == no. doffs X mins./doff 

= 26.12 X 11.107 = 290 

Doffing efficiency = total mins, -h (total mins. + doff time) 

= 2400 -7- (2400 -f 290) = 89.22% 

Doff time at doff effcy. = doff time X doff effcy. = 290 X 89.22 

= 259 

Total mins./frame = doff time + piece time -f clean time 

H- creel time = 765 

Frames/operator = total mins, -r- total mins./frame 

= 2400 -7- 765 = 3.14 

Total time/operator = total mins, /frame X frames/operator 

= 765 X 3 = 2295 

Calc, effcy. = (2400 mins. — doff time — 10% clean 

time — piece time) -f- 2400 = 82.08% 
If total time per operator exceeds 2160 mins., adjust calc, effcy. to 
77.25% less 2.25% interference = 75% 

Lbs./40-hr. frame at doff effcy. = lbs./40-hr. frame at 100% X doff 

effcy. 

= 4768 X 89.22 = 4254 

No. cans creeled = Ibs./frame at doff effcy. -t- lbs./ 

can = 4254 -i- 13.5 =315 

Mins, creel time = no. cans creeled X creel time/ 

um't = 315 X .46 = 145 

4. Hank Rate Calculations ^ 

Std. hanks = RPM front roll X .2493 X dia. F.R. X doff effcy. 
= 170 X .2493 X 1.25 X 89.22 = 189.59 
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Total hanks = std. hanks X frames/operator 189.59 X 3 
= 568.77 

Rate/hank = base rate/hr. X hrs./week total hanks 
= 1.26 X $50.40 -f- 568.77 = $.C 


Spinning Rate Calcolations 


1. Data Given 


Yam number 

14/1 

Ring size 

2 V 4 " 

RPM front roll 

166 

Spindle speed 

6.383 

Per cent efSciency 

92 

Traveler speed 

3.760 

Twist multiple 

3.27 

Hank roving 

1.20 

Pounds per bobbin 

.2469 

(double creeled) 


Per cent contraction 

2.83 

Roving bobbin 


Spindles per frame 

280 

weight 

1.69 


2. Production Calculations 

Hanks/40-hr. frame = FRS X production const. X % effcy. 

= 166 X .2493 X 92 = 38.07 

Lbs./40~hr. spdl. = hanks X (100 — % contr.) -f- yam no. 

= 38.09 X (100 - 2.83) -f- 14 = 2.64 

3. Doffer Rate Calculations 

Doffs/40-hr. frame = lbs. Ibs./bbn. = 2.64 -r- .2469 

= 10.69 

Bbns. doffed/40-hr. frame = doffs X spdls. = 10.69 X 280 = 2993 
Frames/doffer = bbns. std. job load -i- bbns. doffed 

= 45,000 - 5 - 2993 = 15 

Total hanks = hanks X frames = 38.07 X 15 

= 571.05 

Rate/hank = weekly pay (40-hr.) total hanks 

= $54.40 -i- 571.05 = $.09526 

4. Spinner Rate Calculations 

Creel time/1000 spdl. hrs. = lbs./40-hr. spdl. X 1000 spdls./40 
(rov. bbn. wt. less 1% waste X bbns. creeled/min.) 

= 2.64 X 1000/40 1(1.69 - .0169) X 3.9] = 10.2 

Total mins./]000 spdl. hrs. = creel time + clean time + piece time 

= 10.2 + 15.0 + 5.6 = 30.8 
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Sides per spinner = spdl./spinner spdl./side = 1266 140 

= 9.04 

(Use 9 sides/spinner, 4.5«frames/spinner, or 1260 spdl./spinner.) 
Total hanks = frames/spinner X hanks/40>hr. frame 
= 4.5 X 38.07 = 171.32 

Rate/hank = rate/week -5- total hanks = $52.40 -r-171.32 
= $.30586 


Foster Winder Rate Calcxjlations 


1. Data Given 
Yam number 
Yards per minute 
Knots per minute 


14/1 Pounds per bobbin .2496 

450 Ounces per bobbin 3.95 

8.5 Bobbins per pound 4.05 

Package weight 2.50 lbs 


Bobbins per package = 2.50 -r- .2469 = 10.13 
Estimated ends breakage = 20% 


2. Calculation of Average Service Time per Bobbin 
Yds./lb. = 840 yds. X yam no. = 840 X 14 = 11,760 

Yds./bbn. = yds./lb. X Ibs./bbn. = 11.760 X .2469 = 2904 

Mins. bbn. run = yds./bbn. h- yds./min. = 2904 h- 450 = 6.45 
Service time: 

100 bbns. changed X .1176 min./bbn. = 11.76 min. 

20 breaks tied X .1176 min./bbn. = 2.35 min. 

9.9 pkgs. changed X .1176 min./bbn. = 1.16 min. 

Total for 100 bbns. changed, 120 spdls. serviced = 15.27 mins. 
Average service time per bbn. = 15.27 min. -f- 100 bbns. 

= .1527 min. 


3. Calculation of Spines per Operator 

Average service time per spdl. = 15.27 mins, -i- 120 spdls. 

= .1273 min. 

Spindles per operator = 6,45 min. -t- .1273 min. = 51 

4. Calculation of Bobbins per Operator per Hour ^ 

Total allowance = 5% cleaning + 15% rest = 20% 
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Bbns./operator/hr. = mins^/hr. X 80% -h ave. service tixue/bbn. 

= 60 X 80 .1527 = 314 

5. Pounds per Operator and Rate per 100 pounds 

Lbs./hr. = bbns./operator/hr. —■ bbns./lb. = 314 -t- 4.05 

= 77.53 

Lbs./40 hrs. = lbs./hr. X 40 = 77.53 X 40 = 3100 
Rate/100 lbs. = weekly rate -f- lbs./40-hrs. = $50.40 -i- 3100 

= $1.6258 

Lbs./40-hr. spdl. = lbs./40-hrs. -f- spdls. = 3100 51 = 60.78 

6 . Machine Efficiency 

Effcy. = (Bbns./operator/hr. X mins. bbn. run) -f- (spdls. X 
mins./hr.) 

= (314 X 6.45) ^ (51 X 60) = 66.18% 
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Factors Affecting Validity of Standards 

C' 

To be of effective use, standards must be valid. The most elabo¬ 
rate and detailed work assignment and piece rate formulas are of 
no use if they do not yield workable answers. The measure of a 
valid standard is the degree to which the operator, working at the 
desired or expected work pace and using the correct method, will 
produce at a rate yielding the desired or expected earnings of 
the job. 

Four important points contribute to the vahdity of a job stand¬ 
ard: (a) the element time, (b) the frequency of occurrence of 
elements, (c) the allowances, and (d) the calculations or formu¬ 
las. Each requires thorough consideration as to its effect upon 
the entire standard. The procedures for establishing these four 
points are covered elsewhere in this manual. This chapter covers 
checks for accuracy to insure usable standards. 

The element time, or that amount of time allowed to perform a 
part of the overall operation, may be established by use of a stop 
watch, motion picture or from predetermined times by classifica¬ 
tion of motions. One factor common to each method of obtaining 
element times is the physical study of the operator actually per¬ 
forming the operation. Thus one must consider the number of 
studies necessary to yield valid unit times. 

Validity of Elemental Times 

Those elements of the job which are highly repetitive and con¬ 
stitute the major portion of the operator s work time justify con¬ 
siderably more study than infrequent elements involving only a 
minor portion of the work time. On highly repetitive elements 
the results of studies by two or more time study observers are de¬ 
sirable. The individual unit time answers should fall within :t5% 


93 



TIME STUDY MANUAL 


d4 

of the group average. Furthermore, each time study engineers 
average time should fall within ±3% of the group average time 
when actual watch readings are leveled for operator work pace 
and effort. Any individual reading or average of a group of read¬ 
ings exceeding these limits should be analyzed and pr(^r expla¬ 
nations for the discrepancy shown. Careful consideration should 
be given in determining whether or not to exclude such results 
from the final element time average. 

Time studies for the purpose of establishing element times are 
best made on average and above average employees. Generally 
the low producer or below average employee will be using an in¬ 
ferior work method or will not possess the requisite skill to per¬ 
form the job. However, for psychological reasons it is well to 
make some studies on fast, average, and slow operators rather 
than lead the group to think that the rates are based on the fast¬ 
est operators by confining studies to this group. 

Validity of Occurrence Data 

The frequency of occurrence of each work element is as impor¬ 
tant as the unit time itself. Elements of work will fall into either 
cycle or random frequency distributions. Cycle or scheduled oc¬ 
currences offer little diflSculty since a direct calculation will pro¬ 
vide for these in the job standard. However, a large portion of 
textile operations fall into the random frequency category. These 
include end breakages, loom stops, some patrol work and other 
miscellaneous work items. They are affected by many factors 
such as the material, quality and condition from the previous proc¬ 
ess, the job conditions, temperature and humidity and mainte¬ 
nance of the machines. The performance of the operator and the 
performance of indirect or service employees within the depart¬ 
ment will contribute to variations in tbe occurrence rate of ran¬ 
dom frequency elements. 

The selected frequency of occurrence of a random work ele¬ 
ment should be based on an average of actual occurrence checks, 
made under conditions as encountered in normal production runs. 
The number if occurrence checks necessary to obtain a valid av¬ 
erage will of course vary with the amount of fluctuati(m in the In- 
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dividual test results. Individual frequency tests generally should 
cover no less than 4>hour runs and it is highly desirable that fuH 
shifts 8 ho^ be covered. The checks should not be confined 
to one stand of machines, or one shift, but should cover all shifts 
and if possible all jobs. This insures a workable average so that 
the final rate will be based on the true conditions of the total job. 

' The establishment of average frequencies for random work ele¬ 
ments does not complete the setting of a vaud job standard. In 
order for this job standard to remain usable, periodic occurrence 
checks should be made to verify the continuance of the standard 
frequencies. Care should be taken in the changing of job stand¬ 
ards to reflect changes in occurrence of random frequencies. Con¬ 
stant changing of job standards is confusing to the employee while 
inadequate changing to meet changes in job conditions leads to 
complaints of unfair assignments. A general rule to follow would 
be to check out these two points before any change in job stand¬ 
ard is made: (i) When frequency tests reflect a change in ran¬ 
dom occurrences, sufiicient checks should be made to obtain a 
new average, and (2) the job standard should not be adjusted un¬ 
less the change or accumulation of changes would alter the origi¬ 
nal job standard by 5% of the total work content. A useful guide 
in establishing the requisite amount of checking in ends-down or 
loom stop frequency testing is provided in Table IX-1 (from for¬ 
mulas and tables in N. L. Enrick, Quality Control through Statis¬ 
tical Methods, Rayon Publishing Corp., New York, 1954). 

Validity of Allowances 

The next check point on a job standard involves the allowances 
used, such as delay, personal time and fatigue. When considering 
the validity of a particular standard, the individual allowance 
factors ^ould be compared with other similar operations to in¬ 
sure consistency of allowances throughout the mill. Another 
dieck is the calculation of work minutes required at the desired 
work pace to earn the expected earning and thereby determining 
the non-productive minutes allowed by the stand^d. The non¬ 
productive minutes will fall into groups determined by the job 
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TABLE DC-i 


Number of Ends-Down or Loom-Stop Observations Need^ 


AlIoMrable 
sampling craor, 
%E 


SaippHi^ risk, % 



0.1 

0.3 

1.0 

5.0 

10.0 

0.5 

384,400 

Ends-down or stops to be observed* 
360,000 270,400 160,000 

102,400 

1.0 

96,100 

90,000 

76JS00 

40,000 

25,600 

1.5 

42,711 

40,000 

30,044 

17,778 

11,378 

2.0 

24,025 

22,500 

16,900 

10,000 

6,400 

2.5 

15,376 

14,400 

10,816 

6,400 

4,096 

3.0 

10,678 

10,000 

7,511 

4,444 

2,844 

4.0 

6,006 • 

5,625 

4,225 

2,500 

1,600 

5.0 

3,844 

3,600 

2,704 

1,600 

1,024 

6.0 

2,669 

2,500 

1,878 

1,111 

711 

8.0 

1,502 

1,406 

1,056 

625 

400 

10.0 

961 

900 

676 

400 

256 

12.0 

667 

625 

469 

278 

178 

15.0 

427 

400 

300 

178 

114 

18.0 

297 

278 

209 

123 

79 

20.0 

240 

225 

169 

100 

64 

25.0 

154 

144 

108 

64 

41 

30.0 

107 

100 

75 

44 

28 


‘ Example: For spinning ends-down, the %E is 10, sampling risk is 5%. To 
find numixr of ends^own to be observed, enter table at 10% level. Proceed 
horizontally until column for sampling risk of 5 is reached. This yields 400 as the 
number of ends-dowm to observe. 


classification and will range from 48 minutes to 80 minutes per 
day for most textile jobs. 


Validity of Calculations 

Having determined that the measurement of the element times, 
frequencies of occurrence and allowance factors are in order, the 
next step is to determine the validity of the standards calculations 
and piece woric formulas. All calculations are of course double 
checked to assure mathematical reliability. The final check to be 
made will be the application of the piece rate against actual pro¬ 
duction on th^ job. By applying the piece rate of die new ^tand^ 
ard against the production during the period of time studies on 
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the {ob, it is possible to analyze the study for operator perform¬ 
ance and compare this performance against earnings under the 
proposed standard. This comparison should reflect an operator s 
earnings to be directly proportional to the labor efficiency as found 
on the time study and thus verify the proposed standard as valid. 




CHAPTER X 


Selling Standards to Top Management 

General Objective of Standards 

Standards represent a phase of industry-wide movement toward 
more scientific management. Specifically standards represent a 
scientific and systematic measurement and analysis of each work- 
job in order to: (a) improve individual efficiencies; (b) deter¬ 
mine fair and equitable job assignments; (c) establish standard 
work assignments and commensurate pay. 

A statement of objective is not sufficient to secure top manage¬ 
ment approval. Management is more concerned about the plans 
by which the objectives can be secured. All-out effort must be 
directed toward selling top management upon specific plans re¬ 
garding departmental organization, functions and procedures of 
(^ration. The personal interest and active participation of top 
management is most important. A service such as that of a stand¬ 
ards department must be sold down the line. Top management 
cannot sell any services down the line unless it knows exactly what 
it is selling and has fully committed itself to making it work. 

Organization 

A manufacturer has one primary objective: to process or fashion 
a definite product which can be sold at a profit. There are two 
restrictions: cost and quality. Manufacturing cost must be equal 
to or less than that of competition. Quality must satisfy customer 
needs and be equal to or better than that of competition. Efforts 
to control manufacturing costs and quality must fit harmoniously 
into the industrial team of the organization, along with production, 
industrial relations, sales, research, and other staff chvisions. 

Top management does not surrender its responsibility by simply 
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dividing authority according to some organizational plan. Neither 
can it assume responsibility for detail^ decisions. A system of 
operations must be devised whereby each division and department 
continuously and systematically analyzes its own operation acord- 
ing to a plan that is in harmony with other departmental functicms. 
Any change in organizational functions requires s^ous thought 
and planning. This is especially true when proposed changes are 
new and intersect existing channels. Personnel currently in 
charge of operations were carefully selected for their jobs and re¬ 
sponsibilities. Most of them have ^own up on their job and know 
it as no one else, and they have been encouraged to think so. A 
great deal of thought and effort has been directed to building up 
good industrial relations within the existing organization. Any 
proposed change must therefore be a demonstrable improvement 
and its initiation must be made with circumspection to avoid 
opposition. 


Human Relations 

The plan submitted to top management must be based upon a 
good understanding of human relationships. Success will depend 
upon its acceptance and utilization as much as upon its technical 
soundness. Top management does not subscribe to the philosophy 
that employees always resist change, and that to get a change 
adopted, it must be forced on people until the strangeness wears 
off and is replaced by habit. People do not resist technical 
changes as such, but they do fear the possible effects on their 
prestige, earning capacity, and general relative level in human 
relationships. It is important to help them realize that such fears 
are generally groundless. Change is inevitable. Our relative 
position in human relationships depends upon how well we can 
adjust ourselves to progress. A little effort to conform is decidedly 
more beneficial than a great amount of effort to resist progress. 
The solution is to help each individual catch the spirit of progress, 
and feel that he is a part of it. This can be done by encouraging 
hixh to participate and contribute something toward the proposed 
change. Flf.ns for initiation of time study measurements and 
standard work loads must be established tbrou^ regular chan- 
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xiels of authority, and introduced in the usual or customary course 
of operations. How radical the change or its urgency seems to 
he relatively unimportant. Storting on the ground floor, and 
having a share in the planning of the program, with full support 
of management, is much more important. Changes must not have 
the stigma of coming from the outside or from a special interest 
group. Progress through technical change must be integrated into 
the spirit and philosophy of the industiy and become a company 
policy and motto. 

The Place of Standards in the Organization 

Organizational plans and proposed procedures must be definite 
and thoroughly understood. Management must accept standards 
not on a trial basis, but wholeheartedly and without reservations. 
The time study engineers and staff officers must be accepted as 
full-fledged members of the industrial team. They cannot become 
members of the team by their own volition and action, however 
hard they try. Neither are they likely to be chosen for the team 
by the older members. To them the standards department repre¬ 
sents a special interest group seeking recognition without author¬ 
ity. The responsibility for “getting them on the team” rests en¬ 
tirely upon top management. Next, a clearcut company policy 
is necessary for alignment of departmental efforts toward stated 
objectives. 


Showing Company Benefits 

One of the best methods of citing company benefits to top 
management is the use of case histories. There is no better way 
of selling standards than to point out that competitors are using 
sound work measurement techniques and are classified as low 
cost producers. Case histories of similar companies provide a 
convincing argument for scientific and systematic measurement 
of work. The textile industry has a reputation for cooperative 
effort, and companies often exchange information of this nature 
even with their competitors. Since it is possible tp obtain case 
histories, these can be used to impress and sell top management. 
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For instancQ^ it has been clearly demcmstrated in the textile indus¬ 
try that individuaFcifficieiicies can be improved up to 40 per cent» 
in departments where no previous attempt had been made to 
measure individual efforts. In better managed plants, efficiency 
of individuals has been improved from 10 to 20 per cent through 
scientific and systematic measurement of work. At this rate, labor 
costs can be reduced by as much as one half million doHars an¬ 
nually in a mill employing a thousand production workers. 

Manufacturing labor cost can be improved only by increasing 
the efficiency of individual workers. Tliis immediately suggests 
a standard efficiency and improving individual efficiencies to that 
standard. Reduction in labor costs is thus a convincing argument 
for standard work-jobs. These important savings in manufactur¬ 
ing costs moreover can be attained without sacrifices in any phase 
of industrial operations. As a matter of fact, improvements rather 
than sacrifices are found in other important phases of operations. 

Many management headaches are relieved when fair job assign¬ 
ments are established. A majority of employee complaints have 
their foundation, not from a feeling that they are overworked, but 
from the fact that a fellow employee does less work for the same 
amount of pay. Fair job loads improve morale among employees 
and generate better manager-employee relationships. It is a great 
solace to management to have the assurance that all employees are 
performing standard work loads, and receiving commensurate pay 
for their efforts. As one mill manager said, “Men and women who 
have full jobs will immediately like the system, those who have not 
been earning their pay will learn to praise it.” His words were 
thus based upon the sound philosophy of “a fair day s work for a 
fair day’s pay.” 

A further advantage of standards is that manufacturing methods 
are recorded in concise and logical order. Systematic and com¬ 
prehensive records provide necessary information for making 
decisions on numerous and diversified problems. These records 
include: listing of job duties, production standards, mainte¬ 
nance procedure, percent waste, quality level, and raw material 
requirements. Often, the possibility of substantial improvements 
has become apparent merely by listing present practices. One 
mill overseer, after listing the duties and repeats in compliance 
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with a request from the standards department, eliminated, six 
loom bbwers. Getting the facts down on paper in a systematic 
form invites re-evaluation and comparison. 

Often the potential savings in manufacturing costs cannot be 
realized immediately. Personnel problems and other involved 
situations make it advisable to wait for a more opportune time. 
Ihe^e and many other deferred accomplishments provide an in¬ 
centive for diligent long-range planning, l^anagement is con¬ 
stantly reminded that machinery wears out and becomes obsolete. 
Standards provide data for intelligently evaluating new machin¬ 
ery, material handling equipment, or rearrangement and improve¬ 
ment in layout. It is always beneficial in long range planning to 
know what economies in production cost might be attained by a 
revision of production methods, or how costs would be affected 
by a change in raw stock quality. One company president said, 
“I am glad to know that our system can tell us that $6300 per year 
could be saved if we could immediately meet the standards recom¬ 
mended for net pounds in card cans.” It is even more satisfying 
to know that the best possible utilization of present machinery and 
manpower is being achieved and that the lowest production cost 
is now being obtained. 

There are also many attendant or indirect benefits from stand¬ 
ards work. A well managed organization which operates on 
scientific and systematic principles is more flexible and alert to 
capitalize upon both industrial trends or abrupt changes in tech¬ 
nical or economic situations. In highly competitive industries, 
this alertness to take advantage of any situation is most important. 
Alertness may also avoid costly mistakes resulting from action 
not supported by factual information. Both employee and cus¬ 
tomer are favorably impressed by skilled management. Turnover 
in operating personnel is reduced, and persons of greater skill and 
efliciency will be challenged to greater accomplishments by their 
jobs. In the long run, the level of operator eflBciency is improved 
by the simple process of fractional separation and the retention 
of better operators. The resultant margin in operating superiority 
is also apparent to customers and influences their placement of 
contracts. 
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Benefits far the Waiker 

The most valuable asset of a textile coiporatkm is the men and 
women who produce the goods. Management is very much aware 
of this fact, but sometimes: this appreciation does not get back to 
the worker. This leads to distortion and twisting of meaning in a 
statement supporting company policy. For instance, production 
means prosperity for both worker and company. The truth of 
this important statement must be impressed upon the worker’s 
thinking. Success of standards or any management service de¬ 
pends upon his acceptance of this fact. He must know and accept 
the fact that his benefits can increase only through greater prod¬ 
uctivity per work hour. He must also realize that modernization 
and capital expenditures are made in order to increase productiv¬ 
ity. His part is to continue to fulfill the requirements of a standard 
job assignment. Both he and management expect and hope that 
the change will lead to a higher wage rate. It can also be stated 
that continuous production is security for both worker and com¬ 
pany. All changes to increase worker efficiency improve the com¬ 
petitive position, which means selling goods when business activ¬ 
ity is low. What is good for the company is good for the em¬ 
ployee. More sales means continuous production, more work 
hours per week, and increased job security. 

Sometimes changes are made to improve quality, reduce fatigue, 
eliminate menial or routine tasks. These changes permit die 
worker to produce more or better quality with less effort and 
greater safety. 


Overcoming Resistance to Change and Training 

Resistance to change is a human frailty. A mill manager is 
confronted with more than human frailty, however, when a job 
study recommends that his work force be reduced by ten to fifteen 
percent. This recommendation, to his mind, is a r^ection on his 
past performance as an industrial manager. It also conflicts with 
humanism: people’s jobs are involved. Their families and loved 
ones must alao be considered. This situation, however bad, can 
be avoided by replacing guess-work in job loads with accurate 
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nbasurements. In the long run, sound management practices af¬ 
ford greater job security, more hours of work, and steadier incomes 
for the employee and his family. 

Since the use of standard job loads is a new development and is 
a service provided by a special service group, it must be under¬ 
stood by the production manager who administrates it. This re¬ 
quires instruction. Management personnel sometimes resent or¬ 
ganized instniction because it connotes "goin^ to school.” A much 
better way for imparting the necessary information is a confer¬ 
ence-type meeting. The active participation of the supervisors 
in planning the standards program, and in discussing the objec¬ 
tives and procedures is very important. In these meetings the 
standards manager should explain in detail the job analysis sheets 
for an entire process. Proposed jobs should be compared with 
present jobs as regards time factors, scheduled duties, and pro¬ 
duction repeats. The exact meaning of each of these terms and its 
eflFect upon the job load should be clearly explained. They should 
be illustrated with specific examples using speeds, efiSciencies, and 
package weights, both before and after applying standard factors, 
to demonstrate their effects. This provides management per¬ 
sonnel with an opportunity to ask questions, contribute to the 
discussion, or express their opinions. By doing so, they have 
actively participated in and identified themselves with the pro¬ 
gram. 

Proposed Procedures in Establishing a Standards Department 

Conferences for introducing and giving a general understanding 
of the objectives and procedures, must be followed up by work 
sessions to activate the program. It is most important that top 
management indicate wholehearted support and interest by con¬ 
tinuing to give approval and active support as this phase of the 
program gets under way. This can be accomplished by a better 
understanding and general agreement among divisional manage¬ 
ment, general management, and staff managers on the objectives 
and coverage of the program to be undertaken. 

A standards department’s overall objective is to sfrve manage¬ 
ment and production departments in ^eir endeavors to produce 
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quality products at a competitive cost. This service is availabk 
for planning and cost control through better utilization of raw 
materials, machinery, and manpower. The raw materials b^t 
suited for the end product must be determined and standaids 
established. Production organization and work methods must be 
listed and standards for each specifically stated and inauguratejd. 
Actual control of manufacturing cost is directed by the manage¬ 
ment line which must, therefore, assume full responsibility for 
maintenance of standards. The specific objective of a standards 
department is to set standards for each phase of manufacturing 
and inaugurate a system of controls which will insure the mainte¬ 
nance of standards. Phases of manufacturing to be covered are: 
raw material, waste, quality, production methods and standards, 
maintenance methods and standards, supply standards, pay meth¬ 
ods and wage rate standards, and working methods and labor 
standards. 

Initiation of the program must begin under the direction of 
general management. Outside consultants are often engaged to 
help initiate a program of this importance and they can be of great 
assistance. Divisional management, overseers, shift foremen, staff 
managers, and supervisors involved should be thoroughly familiar 
with the organizational set-up and functions. Each person’s re¬ 
sponsibility and role in the standards program should be clearly 
defined. 


Operation of the Standards Department 

Collection of data is a prime function of the standards depart¬ 
ment. However, overseers and shift foremen are responsible for 
all operations in their departments and should be die primary 
source of data relating to operating practices, job duties, fre¬ 
quencies of scheduled repeats such as oiling, picking rolls, chang¬ 
ing travelers and frequencies for similar service duties. They 
should also furnish standard speeds, efficiencies, and package 
weights. Standards pei^onnel will verify certain data and make 
necessary studies to establish standards which are not available. 
Calculation ^f production repeats and establishment of standard 
time factms will be the responsibility of the standards department. 
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The overseer should be responsible, in the final analysis, for ah 
elements of a job standard and should feel that it is his standard 
and not one that has been^imposed upon him. 

Drawing conclusions and making decisions is a joint task of 
management, first line superviscnrs, and the standai^ manager. 
Ihe final decision rests with management. The standards depart- 
ment serves management by analyzing data and presenting recom¬ 
mendations in such way that sound and intelfigent decisions can 
be made. 

A systematic follow-up by management is essential to a success¬ 
ful program. Periodic reviews should be held to discuss improve¬ 
ments and off-standard conditions. Plans for corrective action 
should be projected with definite commitments as to how and 
when action will be taken. Top management must be sold on 
its responsibility and impressed with the need for continuing sup¬ 
port of standards. Active participation, regular follow-ups, check- 
ing of progress, and suggestions for improvement will insure a 
continuing interest on the part of everyone connected with the 
program. 

Departures from standard procedures should be approved by 
top management, who should be advised routinely of all changes 
in job loads and operating practices. Top management should 
also be advised of improvements as they are made and also 
receive copies of periodic reports of accumulated savings. These 
savings not only reflect crecht to divisional management but also 
to first line supervisors. Thus by keeping informed as to the prog¬ 
ress of the program, all levels of management will continue to be 
sold on the value of standards as a toed for efficient management. 
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Selling Standards to Supervisors 

Once a sound industrial engineering program has been outlined 
and a definite procedure* regarding its application and adminis¬ 
tration, agreed upon by top management, it then becomes man¬ 
agement s responsibility to explain in detail the ramifications of 
such a program to the supervisory personnel. 

In explaining the procedure for installing such a program it 
should be pointed out that the basic foundation of any work 
measurement or time study program requires close cooperation. 
between the standards department and plant supervision. Thus 
the fundamentals, ideals and objectives involved in the program 
must necessarily be “sold” to the various levels of supervision be¬ 
fore an actual application is attempted. Plant supervision, over¬ 
seers, shift-foremen and eventually the operators in the plant 
must be brought to appreciate the importance of the program. 
They must be shown the value of the program to themselves, and 
that the application of the program is a joint undertaking to which 
they themselves will contribute. They must be helped to fully 
understand how and why the program operates, so that they may 
have confidence in the fairness of the system. The idea must be 
conveyed that the fair and practical application of the program 
will aid the company in meeting the stiff competition prevalent 
in the textile industry, thus providing more job security for 
everyon^. 

These are conditions which cannot be suddenly brought into 
being at the moment the program is begun. In many instances 
operator work habits and attitudes have to be altered, an under¬ 
taking which requires time, instruction and education. 

Meetings 

While actual application procedures may differ ^astically be¬ 
tween companies, it can be stated that a basically sound approach 
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is to conduct a series of four meetings in connection with any 
major change*, with such modification in procedure as may be 
deemed advisable for minor or routine changes, as discussed be¬ 
low. 

The Planning Meeting, This meeting should be attended by a 
member of top management, usually the plant manager, and by 
the heads of industrial relations, personnel, and standards. The 
function of such a meeting is to acquaint all members with the 
problems involved in the assignment change and outline, as near 
as possible, the basic steps to be followed in making the change. 
The head of the standards department should present a historical 
and up-to-date account of all pertinent and factual data relating 
to the change in question in order that all of the existing facts 
can be available for discussion. Normally this meeting should be 
held prior to any actual time studies. 

The Supervisory Meeting, This meeting should be a follow-up 
of the Planning Meeting and should be designed to acquaint all 
members of the supervisory personnel involved with the proposal. 
Those in attendance should include the manager or superintend¬ 
ent, overseer, shift-foremen, local personnel director and time 
study engineer, plus any other personnel deemed advisable. 

The Meeting Prior to Presentation of Assignment Change, This 
should be the final meeting before the trial period attended by all 
members of the two preceding meetings. The purpose of this 
meeting should be to review the time study data and calculations 
assembled by the standards department and to see that everyone 
present is in complete accord on all factors relative to the proposed 
assignment change. The three meetings above should not pre¬ 
clude any special meetings which may become desirable regar^ng 
any factors involved in the proposed change. Line supervision 
and the time study engineer should always be alert to any situa¬ 
tions which might arise necessitating additional meetings. 

The Final Meeting, At this meeting all personnel who attended 
the three preceding meetings should carefully review aU trial 
period data regarding the changed assignment, as presented by 
the standards department, and either approve or cUrapprove the 
outcome, ifi the case of disapproval, adjustments in tlm change 
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should be made and checked out. In the case of approval, the 
new assignment then becomes permanent and will not be changed 
unless sufficient adjustments in the requirements are introduced to 
warrant a re-study. 

In the case of a company operating with a union contract, of 
course, it would be necessary to include in the attendance of these 
platings such union representation as defined in the union con¬ 
tract. ^ 


Training Programs 

The introduction of assignment or methods adjustments in a 
plant is a matter of great importance and requires much thought 
and careful planning. Certain precautions and definite steps 
should be taken when introducing the change. An assignment 
change should never be presented to the employees involved un¬ 
less all of the afiFected departments, and all interested members of 
management and supervision, are in complete agreement on all 
factors contained in the change. 

In accomplishing this, it is usually necessary to conduct a meet¬ 
ing with supervision (the third meeting described above) to 
review the time study data, on which the change is based, in four 
chronological steps as follows: 

1. Review the job description (which has previously been 
approved by supervision), one element at a time. 

2. List all of l^e allowed elemental time values on a blackboard. 

3. Review the origin and calculation of all frequencies and then 
apply them to the elemental time values. 

4. Calculate the allowed time values per unit and from this 
calculate the job assignment after adding the necessary allow¬ 
ances. 

At the conclusion of this meetkig, the supervisory group should 
be sold on the fairness of the work content of the proposed method 
or job assignment change and also be fortified with sufficient fac¬ 
tual data pertaining to the job in question to satisfactorily answer 
any of the operators* questions. ^ 
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^ Supervisor's ResptmsibiUty 

_ p . 

The supervisor occupies the position of liaison between top 
management and the operators, espedaDy when the need for ex¬ 
plaining a program of this nature or the adjustaaent of job assign¬ 
ments arises. The responsibility for training his operators belongs 
to the supervisor. Even in some of the larger plants, where the 
training program is c^ied out by a training division, it is still his 
responsibility to answer the operators questions regarding time 
study, incentives and the program in general, if he is to keep the 
respect of his operators and subordii^ates. 

The principal objective in carrying out this function should be 
to engender in his operators a genuinely favorable and enthusiastic 
attitude toward the-program. This can usually be accomplished 
by explaining in detail the need for such a program and the re¬ 
sulting benefits to both the operators and the company. 

This is by no means the end of the supervisor's relationship 
between himself, the program and his operator in that the very 
nature of such a program is a continuous* one, which will be re¬ 
quiring his attention constantly. 


Relationship Between Supervisor and Time Study Engineer 

From a functional standpoint there should exist a very simple 
and congenial relationship between the supervisor and the time 
study engineer. It should be mutually understood that the super¬ 
visor has complete authority over the operators in his department 
during working hours. Therefore, whenever any new time study 
work is to be started in his department, it is his responsibility to 
acquaint the operators involved with the time study engineer and 
the reason for his studying the job. 

From this point on, it is the time study engineer s responsibility 
to study the job in question, keep the supervisor informed as to 
the progress being made, possible improved methods proposals 
and job conditions in general. In no case should the engineer 
issue orders to the operator without die supervisor s approv^ and 
a complete imderstanding on the part of the operator. 

In general, the time study engineer s function, other than the 
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actual engineering of job assignments, is to supply the supervisor 
with any pertinent, technical or factual data concerning his de¬ 
partment or any particulaf job in question. He should also be 
available to assist iQithe training of operators required. 

The fact that a standards department is usually considered a 
staff function indicates that its operation should be of a service 
and advisory nature. 
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Selling Standards to Operators 

c 

In seUing standards to operators the overseer should make the 
first move by arranging meetings with his operators in groups 
which are small enough to be easily handled. About five opera¬ 
tors are enough to attempt to explain the program at one time. 
In arranging these groups, it is advantageous to pick the more 
intelligent operators and those who are loyal to the company lor 
grouping together. The climate of the meeting will thus be more 
favorable and the audience will be more receptive. In any group 
of workers there are *liotheads’* who will generally resist any 
change in normal procedure. It is better to have them in groups 
by themselves so that their resistance will not affect those who 
would normally cooperate. If the overseer can get some bf the 
workers to accept the plan, they usually will go ahead and gen¬ 
erally prove it out. The others will perforce have to fall in line. 
After Uiese meetings with small groups, the follow-up is essential. 
The ones who seemed to understand what you were trying to sell 
and who seemed willing to give it a good ti^ should be contacted 
frequently, to see whether they have had any further questions 
about the procedures. Selling the standard is thus a continual 
job which must be pursued every day. 

4r 

Statement of Company Policy 

In undertaking a work method and improvement program, the 
company realizes that its own welfare and that of the employees 
are affected by job assignments and work loads. In order to con¬ 
tinue to provide steady work for its employees, the company must 
operate efficiently to meet competition. In this endeavor every 
^ployee must do his part. It is not fair if some of the employees 
have full work loads and others do not. If a worker produces less 
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it is only fair that he receive less. Likewise, if he produces more 
it is fair that he receive more. In order to make this system wodc, 
we must determine as fairly as possible what the work load should 
be and use it as a stand^d for comparison. This is a difficult 
assignment in which the worker s help is needed. The methods 
developed are based upon sound engineering principles. It is 
realized that changes wdl be necessary when operating conditions 
change. For instance, if the speed and efficiency of a machine 
should be changed it may be necessary to change the job assign¬ 
ment. Likewise, if the package weight or end breakage should be 
changed, the work assignment will be affected. There is always 
a better way to do a thing. Sometimes it can be done much 
cheaper. The man doing tl^ job may be best qualified to suggest 
these changes. A clear and csoncise explanation of a wage in¬ 
centive plan and how it is figured should be discussed widi the 
employee when discussing company policies. 

In adjusting to the new procedures, individual consideration 
is given to each employee. Time is given for adjustment to the 
new work patterns without penalty to the employee. Instruc¬ 
tions are given where necessary. All complaints or suggestions 
will be carefully investigated. In the event that it should be(X>me 
necessary to take anyone off a job, every effort will be made to 
find other suitable work for the employee. 

The worker should participate in these meetings by giving 
expression to his understanding of the matter. When he does not 
fully understand the proposed installation, he should explain his 
job to the overseer and ask that he fit his explanation to facts as 
he has given them. The employee should be asked to call atten¬ 
tion to any parts of his job which he feels would be hard to handle 
under the new procedures, and to make any suggestions that he 
may have to about peculiarities of his job or how his job can be 
improved. If a suggestion from the worker can be incorporated 
in the procedure, the worker will feel that the plan is partly his 
and will then help sell it to others. 

^ Explanations to Individuah 

At this stage of the program the detaik of just what duties wffl 
be changed may not h« known. It may be well to esq^laln that hi 
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an I^Tobability changes will be recommended but are not available 
at this time. Changes will depend upon the results of the studies 
and whether or not any methods to improve the operations can be 
devised. 

The reasons for making any changes should be fully explained. 
These reasons, of course, will vary from mill to mill and will be 
chfferent. Generally, better methods are d^red. There are 
some places in the mill which have lower work loads than others. 
It is felt that all should be paid on an equal basis with no soft 
spots in the layout. It is necessary to reduce labor costs, and 
methods and measurement programs are the best way to do this. 

How the changes will affect the pay of the operator should be 
explained fully. This, of course, is what workers are most inter¬ 
ested in. Hie general pay level should be discussed with them, 
what they can make under the new procedure and what type of 
guarantee you may have. Specific changes in duties of the job 
should be detailed. The amount of work can be explained by 
using the pay system which is planned. It should be made clear 
that no more than a fair day’s work, which can be achieved by a 
normal operator, is asked of anyone. How well this explanation 
is put across will influence greatly the success of the system to be 
used. 

It should be explained that this procedure is not a fixed one. 
Provision is made for adjustments and when running conditions, 
machinery, or methods change, the duties, pay, and amount of 
work will be revised accordingly. 

The meeting should be open to questions and each question 
asked should be answered fully. If the operators feel that there 
are secrets about the system ^ey will, of course, be distrustful. 
This is the time to be open and frank and discuss fully any doubt 
or question. It is well to keep in mind that unfulfilled promises 
and misunderstanding cause resentment and resistance. Any 
statements made or instructions given must be so definite and 
clear-cut that nothing about them can be misleading, misunder¬ 
stood, or subject to later distortion. 

Introduction of Time Study Engineer by Ooerseer 

The time study engineer is an employee of the cennpany who has 
been asdgned by mana^mmt to do a particular job. His job is 
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to make studies and report facts. He has special training in cer¬ 
tain techniques which are a necessary part of modem manage¬ 
ment. He is expected to be fair and ^ow no partiality to individ¬ 
uals. From his study, standard w(Mrk loads wffl be recommended. 
Supervisors will make all decisions regarding job loads after study¬ 
ing facts presented. If there are any doubts or questions, all 
pertinent facts and information vnll obtained l>^ore making 
a decision. Employees are expected to perform duties in the 
normal manner. They are not expected to burden themselves with 
extra duties while studies are being made. The time study man 
is trained to get most of the information he needs without lather¬ 
ing or interfering with the worker. In effect, the operator should 
be told, "Do not let the time study mans presence affect you, if 
possible, and do not feel obligated or responsible to him in any 
way. You will remember, however, that he is assigned to get 
facts about your job so that complete information be avail¬ 
able. It may be necessary for him to ask direct questions and for 
you to give him answers as clearly and accurately as you can. You 
may volunteer any facts which you consider are being overlooked 
and which may be important to your work.” 

There should be a general description of the procedure followed 
by the time study engineer in doing his work. A watch is used 
from which recordings are made. Everything the time study man 
sees he records and times on his study. The job is divided into 
elements, and proper methods and time allowances are estab¬ 
lished for each of these elements. All conditions, such as machine 
speeds, package weights and end breaks are carefully analyzed 
and standardized as nearly as possible. The time study man is 
looking for the best way to do the job with the least amount of 
work. When the time study man completes his studies, he will 
build them into a work standard with his recommendations for 
approval by the overseer. 

In the first meetings it should be made clear that the time study 
engineer, after his findings have been placed in effect, will make 
early and frequent check-ups to be sure that the job conditions 
are the same as the ones on which his standards were established. 
This is a most important point, since the job must be kept on 
standard with operating conditions as specified. Corrective 
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diaages must be made prmnptly whether the standard is being 
low^d or raised. 

General Approach of Time Study Man to Operator 

Personal contact is the strongest selling factor involved in stand* 
ards. Ihe time study man must convince t^ op^ators of his 
honesty, fairness, and ability. Once the oper&or is convinced oi 
this, then the big selling job is done. The time study man’s 
reputation will precede him into other departments and he will 
find his work much easier. 

Most people cannot adjust immediately to a new work pattern. 
It generally takes a period of time in which they gradually im¬ 
prove and eventually reach the e£Bciency on the new pattern. 
One must be patient during this period, and avoid “pushing” too 
hard. The operator will need help, instruction and cooperation. 

The attitude toward the worker should be completely unbiased 
and unprejudiced. The worker is going through a work pattern 
change and has problems confronting him. If he sees that the 
engineer is unsympathetic cnr impatient, he will justly feel re¬ 
sentment. Ihe integrity of the worker should never be questioned 
but an e£Fort should be made to translate his mental attitude into 
a feeling of personal accomplishment under sympathetic guidance. 
Each accomplishment should be rewarded with encouragement. 

Personal Contacts 

The time study man should at all times avoid offending the 
workers ip the plant. He should be himself without trying to 
impress the operators with his importance. He is another worker 
and a watch does not make him any better or worse than the 
people whom he is there to study. A poor attitude on the part of 
the time study engineer will prevent his getting satisfactory and 
accurate studies. It should always be kept in mind that the time 
study man has no authmity over die cqierator. It is a situation 
where cooperative team work should prevail. If the time study 
man wants die operator to do something particularlywfbr him, he 
should pc^tely request that it be done ai^ explain why he would 
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like to liave it so, llie tiine study man slioiild cultivate an atti¬ 
tude of casual alertness. Widiout seeming to pounce on eveiy«< 
thing that happens on the Job, he should be able to note ev^- 
thing that goes on while he is making his study. He must stay on 
his toes at all times and let the operator know that he perceives 
what is going on while he is making his study, but at the same time 
is making no particular efiFort to pry or pick out troubles in the job. 
The engineer should answer all questions regarding the job with 
directness and simplicity, covering what is necessary, but not 
go beyond that point. Excessive talking will sometimes confuse 
the issue, leading to misunderstanding and later trouble. One 
must be sure that the operator understands the answer to the 
question and is satisfied that it is correct. The time study man’s 
job is to study, observe, and report, not to criticize. He will take 
his findings to the proper authority, generally room supervision, 
and if there is anything about the operation which needs correc¬ 
tion, then the overseer or assistant are the proper persons to 
correct it. 

The time study man can do his work without interfering with 
the worker he is to study. The worker being studied has a job to 
do also and, if continually interrupted and bothered by the time 
study man, then that job becomes much harder and the time 
study man will not be welcomed. If it is necessary for the time 
study man to interrupt his study and to leave the job, he should 
notify the operator why he is leaving and when to expect his re¬ 
turn. If he breaks oflF his study but does not leave the department, 
then he should in these circumstances be particular to see that the 
operator understands why he has stopped making the study. 

If the time study engineer is to obtain the best results, the 
operator must have respect for him. It is not a good idea for the 
time study man to sit down while the worker is standing up, or 
rather, while the worker is working. He should always appear 
alert and give the impression that he sees and recmrds ever)^ing 
that happens on the job. The operator wants to feel that tibe time 
study man is doing his job well. 

When tl^ time study engineer has cconpleted the study,* he 
should thank the operator for his help and ask if there are any 



xn. SEUJNG STANDARDS TO OPERATORS 121 

questions. After properly answering any questions the operator 
may have, the engineer should leave the job. 

♦ 

Meetings to Explain the Proposed Standard 

After the time study man has completed the studies, built the 
standards, and is ready to apply them to the job, there should be 
another series of group meetings, arranged as described pre¬ 
viously, and covering the following: 

What Is Included in the Standard? An explanation should be 
made of what is included in the standard. This means going over 
the duties covered and for which his time values are established. 
This should be done in detail, and at this time it is a good idea 
to give each operator a copy of the standard. He can then ex¬ 
amine it and ask any questions that he may have about any duties 
which he feels have not been covered. It is essential that he be 
satisfied that all the work has been placed in the standard. Any 
changes which have been made in his duties should be explained. 
It should also be pointed out to the operator that standards will 
be changed for changes in machine speeds, package weights, or 
for anything that would change the frequency for performing 
the job. 

Units of Production. Uppermost in the operator’s mind will be 
how many units of production he will have to produce to meet 
the standard. This, of course, means how much work he is ex¬ 
pected to do during his shift. 

Relation Between Output and Earnings. The relationship be¬ 
tween production and earnings should be explained in this meet¬ 
ing. Tl|e operator should understand what his pay will be at the 
various levels of production. If he falls below the expected pro¬ 
duction, what will he earn? If he exceeds expected production, 
what will he earn? Ihis is a good time to give the operator 
written examples of how to calculate his pay. Several different 
prpductimis can be shown with the total amount of earnings 
resulting therefrom. The operator can keep these examples and 
follow his earnings from day to day if he wishes to do so. 

Operating Conditions. Also in this meeting it §hould be ex¬ 
plained to the operators what duties other operators will perform 
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on their particular job. The way the others perform their woii: 
can have an efiFect on the operator who is placed on staiulards, 
and he should be aware of what type of p^ormance to expect 
from the others. Also, the position of materials required on the 
job, distances involved, humidification, breaks, and other standard 
conditions surrounding the job should be explained. 

Notices Before Standards Become Effective 

Before the standard goes into efFect, it is advantageous to post 
on the bulletin board certain notices. These should be posted 
about one or two weeks before the standard becomes effective. 
The duties of the job should be posted, along with the application 
date, the rate of pay per unit, expected production, earnings, 
examples of how to calculate pay, and whatever guarantees are 
made in connection with the standards. Great care and careful 
planning should be given to bulletin board notices. Strive for 
simplicity, accuracy, and. completeness. It is important to get 
the message to the operator, not for him to have to guess what you 
want. A schedule, diagram, picture, or some exhibit may be 
helpful in getting the message over to the operator. 

It is at times advisable to give each operator involved a copy of 
these notices, so that he may study them at his own convenience 
rather than take a short and hurried glance at the bulletin board. 
Using his copy he can formulate the questions he may have and 
talk it over with other workers and, if need be, with the super¬ 
visor. Dissemination of too much material has disadvantages, 
but at the same time there are definite advantages to be obtained 
by giving the operators involved the benefit of as much informa¬ 
tion as is possible. 

General FoUow-Up After Standard Is Put Into Effect 

After the standard has been put into effect, the time study man 
faces one of the most important phases of his job in selling the 
standard. After a few standards have been demonstrated, the 
successful results are more impressive than anything the time 
study man or any supervisor can say. Correct standards will seB 
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the work and precede the time study man into other departments 
in which he will work. 

The time study man should be free to spend as much time in 
the department as needed during the first few days of the appli¬ 
cation, or until the standard is met. He can observe the operators, 
help them with suggestions, point out where they are losing time, 
and in general give them encouragement. The major part of this 
work should be done by the room supervision, but the time study 
man should be there to point out to supervision what faults he 
finds in the way things are going. He should talk with the opera¬ 
tors to find out how things are going with them and whether they 
have any suggestions or complaints about the general set-up. 

Check of Operators Who Fail to Meet the Standard 

If the operator fails to meet the standards, one should check 
control factors, speeds and breaks to be sure that they are in con¬ 
formance with his specifications. If the trouble is not found, it 
would be well to make another time study, checking element 
times and breakdowns to see if there has been some change which 
was not covered by the previous studies. 

If by now the trouble has not been located, the time study man 
should go into other matters, such as: What is the level of per¬ 
formance of the operators? Are they trying to meet the standard 
or are they working at a pace which prohibits proper production? 
The method should be examined to determine if operators are 
losing too much time following methods not specified by the 
standard. There may be interference from other people who are 
prevei|ting the operator from giving his best effort. AU lines must 
be pursued at this stage until the cause for the failure to meet 
the standard is determined. 

Once the cause of the failure has been determined, the correc¬ 
tions necessary must be made promptly. Any conditions found 
which are not covered by the standard must be taken care of. 
If the deficiency is caused by the operator s failure to work 
properly, poor methods, or outside interference, this must be 
reported to room supervision for handling. Caution should be 
here, because it is very easy to claim that time study stand- 
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ards are correct, but the (^rators are ^}ust iKit trying.** Before 
this statement is made, one must make sure diat the time study 
is correct. 


Check of Earnings and Production 

Earnings and production should be checked for a good period 
of time after the standard is first applied. If earnings and produc¬ 
tion are as expected, then there is apt to be little wrong with the 
standard. Any trouble, of course, will show up in the earnings 
and production figures, and it is well to watch diese not only for 
the &rst few days but over several months, to see that the job does 
not slide back into an unsatisfactory performance. 
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Follow-Up on New Standards 

o 

After the new standards have been thoroughly explained to all 
operators and supervisors the standards will be put into effect. 
We will assume diat a good selling job has been done to assure 
everyone concerned that the new standard has been established by 
reasonable and just methods. 

Short Term FoUow-Up 

For the short term follow>up of the new standard, it is usually 
good procedure to stay with the new job to insure that each opera¬ 
tor is performing his work as set up. During this phase, the im¬ 
mediate supervisors should work very closely with their people. 
Constant checks should be made to determine that the job is 
being done according to the proper methods. This is especially 
important if there have been changes in methods of performing 
certain duties. It is much easier to begin with proper methods, 
rather than to permit an operator to start out on something differ¬ 
ent and then t^ to change later. 

During this initial period it is not likely that maximum e£B- 
ciency will be attained. Patience and repeated explanations and 
demonstrations, where required, will contribute much in getting 
the individual to become more efficient in performing the elements 
of his job. If the job involves a large group of people, it is ad¬ 
visable for the standards department to work primarily through 
the supervisor. The standards department ^ould then assist 
the supervisor in every way possffile. Conferences with the 
supCTvisors, held prior to the installation of the new standard, 
should have assured that the supervisors know the job and the 
methods established for performing the various duties. Then 
.after the new system is put into operation, the standards depart- 
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ment should be available to answer any questions about the job 
and give any other assistance to the supervisors that might be 
helpful. When the job involves only a few people, the time study 
en^neer can give more direct attention to the individuals con- j 
cemed during the follow-up period The standards department 
should continue its follow-up work and assistance until the opera¬ 
tors have become proficient in their duties. 

Long Term Follow-Up 

After the job is functioning properly, it should not be for¬ 
gotten. Often management finds it necessary to make changes, 
necessitated by changes in the material, quality of the product, 
or machinery. There should be an understanding with manage¬ 
ment that die standards department will be notified of such 
changes. The changes should then be evaluated, and if necessary 
the job should be restudied. At times, gradual changes may occur, 
over a period of time, which have not been planned. These are 
usually changes that occur as a slow evolution. Changes in prior 
processing often affect the running qualities of later processes. 
The results of this effect can usually be measured by studying the 
running conditions of the work. Pertinent data are usuaUy avail¬ 
able in the form of tests of ends-down, percent of reties and loom 
stops. A study of these reports at regular intervals, and compari¬ 
son with the standard, will permit a quick check for this type of 
change in the job. 

For work where piece rate earnings are paid, changes in the 
job can sometimes be detected by an examination of individual 
earnings. This should never be a final check. But if piece rate 
earnings begin to deviate significantly from expected earnings, 
this indicates that the job conditions have probably changed and 
require re-study. 
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Determination of Frequencies of Occurrence 


Definition of Frequency 

Frequency is defined as the number of times or “how often” 
any given element or action occurs in a selected period of time. 
It affects both machines and operators, and is of two types, 
cyclical and random or variable. 

Cyclical Frequendea. Frequencies which have a definite cycle 
of occurrence present little difficulty to the time study engineer. 
Thus, doffing frequencies for carding, roving, spinning or weaving 
operations can be established within narrow limits. Their inter¬ 
ference with production can be predicted accurately. This holds 
true also for grinding, roU scouring and overhauling. 

Random or Variable Frequencies. The random occurrence is 
the one with which the time study engineer is most concerned. 
Unlike many other operations, te^^e production is plagued by 
die many variables inherent in the product. Within wide limits, 
some of the variables are predictable, but for the day-to-day 
operations with which we are concerned, variable frequencies 
have an important effect on production limits. 

Random frequencies are most commonly encountered in such 
forms as “ends-down per 100 producing spindle hours” on roving 
frames, “per 1000 pr^ucing spindle hours” on spinning frames 
or “stops per loom-hour operated” on looms. Within the limits 
specified, the frequency study records occurrences which 
are random in nature. No standards for machine assignments or 
operator efficiencies can be established until the variable condi¬ 
tions afbcting these frequencies are brought to a level which 
can be maintained over an extended period without undue 
att^tion. 


127 



TiMEmmrmNUAi 



Frequency Studies 

The Importance of Frequency Studies, It may be said that the 
frequency study forms the groundwork for time study, since ob¬ 
viously substandard operating conditions are not conducive to 
the establishment of correct standards. As a management tool, 
this type of study pinpoints causes of low production, poor quality, 
and operator failures. A good ends-down study in the spinning 
operation, for instance, can quickly and accurately point out to 
supervision the reasons behind many an employee grievance. In 
union organized mills, management has come to recognize the 
value of studies in convincing unions and arbitrators of the 
validity of established standard. 

Qualificatioru and Equipment, All of the qualifications that 
make for a good time study observer must be present in the indi¬ 
vidual who makes frequency checks. If listed in their order of 
importance, the necessary qualities would be; (I) honest obser¬ 
vation, (2) patience, (3) tact, (4) judgment, (5) pleasant per¬ 
sonality, (6) initiative, (7) self-conBdence but not “cockiness,” 
(8) accuracy, (9) analytical ability, (10) education. 

Although education is ranked tenth in order of importance, this 
does not mean that almost anyone can make a good frequency 
study. A minimum of high school level is desirable, vdth a proven 
aptitude for mathematics. The equipment for frequency study 
is the same as used for time study: a stop watch, observation 
boards and sheets, and speed counters or tachometers. The same 
rules of common sense which apply to the approach to time study 
must be observed 


Methods of Determining Frequencies 

Cyclical frequencies are determined by the production factors 
involved. As an example, the size yam spun, the package pro¬ 
duced and the speed of the machine determine the dofibg fre¬ 
quency of a spinning frame. A thorough knowledge and im 
accurate record of machine and operational data wiU result in 
a complete determination of cyclic^ frequencies. 

Of the several methods of determining variable frequencies, 
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t^is chapt^ will discuss die two most widely used tools: (a) the 
four or eight hour study; (b) the ratio delay study. 

The four or eight hour study is the most important method of 
determining variable frequencies, and involves the observation of 
a given machine or group of machines over a specified period of 
time. All interference factors are recorded during the given 
period for later analysis and corrective action. Complete data on 
machines and operators are compiled to obtain all occurrences 
during the period covered. One major disadvantage to this type 
study lies in its limited coverage as to time and space. To arrive 
at a standard of performance requires many studies and rechecks. 

The ratio delay technique, while relatively new in the industry, 
is gaining many adherents since extensive coverage, both as to 
time and space, can be had at relatively low cost. Its major 
disadvantage lies in the inability to observe and record the human 
factor and its effect on variable frequencies. The ratio delay 
study involves the observation of given conditions at a specific 
point in time with a considerable degree of statistical accuracy. 
Causes are only broadly covered in this type of study. As an 
example, a ratio delay observation may be made by one individ¬ 
ual on 200 looms in the time it takes to walk past each of them. A 
large number of such observations can result in an accurate ap¬ 
praisal of loom stops under a wide variety of conditions. 

In both types of study discussed here, the accurate accumula¬ 
tion of data is mandatory, if correct standards are desired. 


Using Frequencies 

The fnd uses to wliich frequency checks are put determine 
their value to management. As pointed out earlier, the standards 
department should not undertake the establishment of standards 
in any phase of production until what can be termed ‘"standard 
conditions” are met. The frequency study serves to point out to 
management the area in which correction can be made to bring 
operating conditions to a “normally expected” level. When con¬ 
ditions have reached this level, the methods and time studies can 
be made to set performance standards. ^ 

. Once standard conditions have been met, the periodic fre- 
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quenty^ study serves bs a ciieck on the vslidity of the ^andard 
and an indicator of conditions which may arise from time to time 
to affect the standm'd. A spinner s job based on an expected fre¬ 
quency of 30 ends down per 1000 operating spindle hours is car- 
tainly not the same job when ends down frequency rises to 55, 

When expected operating conditions are being met, the time 
study engineer will conduct studies to establish standard times 
for the elements in the job. In order to establish the standard of 
perfonnance expected for both the operator and the machine, 
detailed and accurate frequency checks must be available, so 
as to arrive at sound conclusions. 

Once the nature of frequency is understood, it is not too diffi¬ 
cult to see the major role it plays in establishing performance 
standards for man and machine. From an economic standpoint, 
the ideal machine would operate continuously, with no inter¬ 
ference for service, maintenance or overhaul. In practice, the 
ideal is not attainable. Machines must be stopped to be doffed, 
creeled, cleaned, repaired or overhauled at certain prescribed 
intervals. Because these intervals are prescribed, their frequency 
is cyclical in nature, and th^ production interference can be meas¬ 
ured with a fair degree of accuracy. 

Time study observations, records of maintenance, and historical 
data all are helpful in measuring cyclical frequency. Production 
can thus be determined for any individual machine or group of 
machines within limited tolerances. On the spinning frame, for 
example, we can readily determine from observation that a given 
frame will be stopped for five minutes every six hours for doffing. 
From maintenance records we learn that eight hours are lost every 
six months for scouring rolls, and 32 hours are lost annually for 
overhaul. The calendar shows what holidays will occur. From 
such data, machine operation is predictable within narrow limits. 

Both operator and machine are affected and limited by fre¬ 
quencies. Cyclical frequencies limit the operator in what can be 
done in a given period within the limits set by the cycle. A 
spinning frame doffer, for instance, could conceivably doff a frame 
every five minutes, if the only frequency to be considered were 
the machin^and its limitations. But die mere fact that he most 
replenish his bobbin supply and dump the yam doffed, intro- 
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duces a {requen<^ umelated to the machine itself. Instead of 
twelve frames per hour, he may be limited to eight. It is vital 
that we know each frequency in its relation to machines and to 
individuals to set accurate standards. 

Inadequate attention to frequencies can result in costly mis¬ 
takes. A spinner who cannot cope with the ends-down on her 
jdb is penalized by more work &an her normal assignment. A 
machine with excessive ends-down produces less than standard. 
The need to balance machine functions with human capabilities, 
requires frequencies to be properly evaluated and worked into 
the performance standards. 

The qpinner's job has been used in our examples as an illustra¬ 
tion how brequ^des are used in establishing standards. 
What elements make up this job? She must creel roving, do pre¬ 
scribed cleaning, patrol, and piece up ends. The frequency of 
any requirement will determine how mudi time is available for 
the other requirements of her job. Which of her duties are sub¬ 
ject to accurate predetermination, which are subject to random 
variation? Obviously the time required to perform any element 
can be standardized, but this is of little use without knowing the 
manner in which the element is applied. Frequency studies 
supply the key. Let us suppose, as an illustration, that we have the 
data given in Table XIV-1. Next, we may assume that certain 


TABLE XIV-1 

Element Standard Times 


Element 

Time, mins 


Patrol frame per side 

0.28 


Creel roving per side 

0.15 

V 

Wipe thread board per side 

0.35 


Glean lap sticks per stick 

0.13 


Piece up ends per end 

0.30 


conditions are known such as: (2) Frames are patrolled 4 times 
per hour. (2) Roving is doubled, and each bobbin lasts 12 hours 
on the particular yam spun. (3) Threadboards must be wiped 
twice each shift. (4) Lap sticks must be cleaned once per shift. 
(5) Ends down per thousand operating hours are 40.« (6) Frames 
doff ev^ 7 hours and 55 minutes and have 252 spindles. 
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With these facts, we have establi^ied frequ^icies. These fre¬ 
quencies are eqiressed in varying fonns, and must be 
down to a common unit. But with them it is now possible to 
establish a standard of performance for the spinner under specified 
conditions. 

This, then, is the use to which frequencies are put by the stand¬ 
ards department. As a tool, they are the key to adequate utiliza¬ 
tion of man and machine in ol^bining maximum productive 
capabilities. 


Recheck of Frequencies 

Once a standard is established, die need for frequency studies 
becomes even more critical than prior to the establishment of an 
expected “normal.” The validity of any standard is dependent 
upon the ability of the standards department to make changes as 
coifditions warrant. To this end a definite level of change must 
be established as a guide to the need for corrective action. Each 
job should have a routine of frequency checks, set up to pinpoint 
variances from standard and assist in keeping abreast of job 
changes as they occur. Minor variations from standard are, of 
course, expected and these should not be considered as significant. 
But a variation of ±3% on most work is usually cause for an ad¬ 
justment of standards. 

Analysis of frequency studies often indicates to management 
the advisability of production changes to reduce or better integrate 
existing frequencies in the production cycle. For instance, clean¬ 
ing requirements may be found to be too stringent for the benefit 
derived. Thus, a spinner who is required to clean threadboards 
every two hours might be placed on a twice-a-siuft schedule. 
By adjusting the size of a doff, two sizes of yam may be run on 
a spooler at equal efficiencies, thus reducing costs on both and 
changing frequencies in both doffing and spooling. The use of 
larger packages is an excellent example of frequency reduction 
and integration. 

For routine checks on frequencies, such as on ends-down rates 
in spinning, ^resulting in unproductive or **idle” sjHndles until 
pieced up by the operator, control charts have be^ used success- 
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Figure XIV-1. Chart used for control of processing conditions. The points 
on the chart are obtained by finding the percentage of spindles that are idle. 
(Reprinted from N. L. Enrick, Qttality Control with permission from In¬ 
dustrial Press, New York.) 

fully as quick visual indicators of off-standard occurrences. A 
typical control cdiart for this purpose is illustrated in Figure XIV-1. 
(This chart provides a visual control record of unproductive 
spindle in a yam spinning department. The out-of-control point 
on Febmary 8 was traced to excessive application of lubricants 
by an inexperienced operator, resulting in oily drafting rolls and 
improper running conditions.) 

As in most phases of industrial engineering, the need for con¬ 
stant concern with the problems of frequency distributions is 
ever present Adequate controls and equitable standards result¬ 
ing from correct analysis of frequencies will usually produce 
dividends in terms of human efficiency and productive capacity 
far in excess of the modest cost involved. 







CHAPTER XV 


The Union’s Effect on Time Study 

In most textile plants the union is a local member of a national 
organization, which is generally well staffed with people who 
are expert in organization and arbitration. They usually have 
staff members in each area as managers of the joint board. Ihis 
board, made up of representatives from the locals and the staff 
member, is the only intervening body between the local and the 
national organization. Area staff members, and in some cases 
national engineers, may be called in to help the locals on particular 
problems. 

The locals themselves have their own president, vice-president 
and financial and recording secretary. However, the most impor¬ 
tant bodies within the locd organization are the executive board 
and the negotiating committee. The executive board is the gov¬ 
erning body between meetings and passes on all grievances. The 
negotiating committee actually handles the negotiation of such 
grievances with the company's representatives. It is easy to see 
that, even though governed by the contract, the attitude, intelli¬ 
gence and general understanding of the individuals making up 
these two committees can have a marked effect on the duties of 
the standards department. 

The Contract 

Whatever their attitudes and abilities, both management's 
representatives and the union negotiating committee are bound 
by the stipulations of the contract. There seem to be as many 
variations in contract clauses as there are mills with contracts. 

The items listed below are usually included in most contracts 
and directly concern the standards department: * 
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J. The union must be given several days' notice prior to any 
change whidh will affect work loads. 

2. Operators being assigned a new standard work assignment 
will have a trial period (two to six weeks) during which they will 
be paid actual earnings or average whichever is higl^. 

3. Operators going from incentive rate to hourly rate will be 
paid average earnings. 

4. Operators are guaranteed a 15% to 25% premium possi¬ 
bility where practicable. 

5. Operators are guaranteed a base rate. 

Efects of Contract on Changes 

A good deal of the ill will sometimes encountered by standards 
department men was sown by the thoughtless action of some of 
our predecessors. They established fair work loads to start with. 
Then as workers attained the set rates, they would make changes 
in basic work loads so as to require more and more production. 
This embittered people against work standards and, consequently, 
some of the most detailed and specific parts of many contracts 
deal with changes which will affect work loads. 

When contemplating a change, the time study engineer should 
consider the following; How will it affect unit labor cost? How 
much will it increase production? How will it affect quality and 
waste? In a imionized plant he must also take cognizance of 
the items listed below: Should the change be made now or later 
when the new standard is ready? If made now, will it necessi¬ 
tate paying average earnings both now and during trial period? 
Will the operator have the same premium possibility? If this 
change affects any other jobs, has the union been given notice? 
Even though technically uncalled for, would some few time studies 
be politically expedient? 

Effects of Contract on Bating 

Since any form of rating depends almost entirely on the judg¬ 
ment of the individual making the study, rating is a most con¬ 
troversial itehi. It is, however, generally accepted by the imion 
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as the lesser of several evils. Selected times are considered com¬ 
pletely without merit. Selecting.operators to study is considered 
almost as bad, except that flue complaints here usually originate 
with other operators. It is quite often a good idea to study all of 
the operators connected with a particular job at least once. 
Although a normal operator is the easiest to study and permits 
move accurate rating, it is advisable to have a large portion of 
your studies taken on mmre skilled operators, o1*hen the average 
rating will be above normal and the average effect will be that 
actual times are increased before their use in standards. 


Effects of Contract on Allowances 

The minimum percentages to be allowed for personal time and 
fatigue are stated in most contracts. Some even specify allow¬ 
ances for each job in the plant. This relieves the time study man 
of considerable responsibility. He should not, however, forget or 
disregard this important part of his standards. There will be 
various elements in many operations that deserve more than the 
minimum allowance. Also some effort should be made to see 
that his allowances are, so far as possible, kept in line with those 
used throughout the industry. 

The Standards 
ValidUy 

The validity of the various aspects of standards (end break 
frequencies, number of studies compared to element occurrence 
rate, bobbin size, etc.) is generally determined by certain statisti¬ 
cal concepts or principles. These principles allow for individual 
and hour to hour or day to day variations, and standard figures 
are always based on fairly long term average occurrences. This 
fact is hard to get across to the individual operator and in negotia¬ 
tion of standards. Normally a large nuxi^r of occurrences is 
impressive and it always pays to have too many rather than too 
few, so long as cost is not prohibitive. ^ 
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Selling the Standards 

Selling die standard is one of die most important phases of die 
time study engineer s Job. If the operators can be sold on the 
standard to the extent of giving it a good fair trial, mudi expense 
and much work can be avoid^. No amount of proof ofiFei^ at 
a later date in negotiations can convince an operator of the 
correctness of a work load. When a grievance is turned in on a 
work load, the standards man must, if die grievance is not valid, 
do everything possible to see that the grievance is defeated. How¬ 
ever, the fact that the work load is substantiated in negotiations 
or even in arbitration does very litde toward convincing the 
grieving operator of its fairness. You can, of course, require 
base production of all operators, but you will very seldom get the 
production expected in s^ndard calculations. 

In many cases supervision can be of great help in selling the 
standard to operators. However, in the final analysis, it is the 
standards man himself who sells the standard. If he can sell 
himself to the operators through fair and equitable workloads, 
thorou^y expired to all workers; and if he can sell himself to 
the union officials through consistent policies and an honest ap¬ 
proach to all differences, the job of selling the standard will be 
more than half done. 


Protection of Standards 

The contract usually gives management some sort of protection 
on its accepted job standards, using phrases such as: **. . . but 
any employee whose earnings repeatedly fall below the established 
base rate for the job as finally established shall not be deemed 
competent. . . .” However, this protection is not automatic; the 
burden of proof will rest with management. It is always easy td 
show repeated failure to attain base production. It is sometimes 
very difficult to show that all conditions were standard at the' 
time of each failure. It behooves management to keep very tight 
controls on job conditions. Also, the standards department must 
keep extensive records on each employee s production. Ihese 
records can often be incorporated in the regular payroll records. 
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Concluding Points 

In conclusion, a time ^udy engineer s work should always 
represent the best of which he is capable. His records and sup¬ 
porting information should be in order and complete. With a 
union, this latter part is even more important, since these records 
may have to be and frequently are on display as part of your 
proof of good standards. The presence of a union will certainly 
cause the engineer more work, but it can also keep him at his best 
at all times. 




CHAPTER XVI 


Wage Payment Methods 

a 

Wage payment plans are nearly as numerous as the individual 
manufacturing concerns in an industry. Fitting the particular 
needs of one plant or company often calls for the development 
of new and varied incentive plans. Fortunately, the practice of 
calling an incentive plan by the name of the person who invented 
it is now out of style. Otherwise, the confusion of various names 
would be considerable. Names are used only in the cases of a few 
well-known sgid often-used plans. 

The principle of incentive appeals to all of us. For this reason, 
almost any wage incentive plan is much better than straight hourly 
or day work. 


Incentive Suetemt 

The many types of wage payment plans can be considered and 
evaluated in terms of their basic requirements and e£Fectiveness. 
An incentive system can be successful only if it provides a real 
incentive for workers to apply themselves and exert that additional 
effort necessary to increase their individual production. 

Generally, if the incentive is to be successful, it must provide 
the worker with an opportunity to earn a substantial increase in 
his pay over a day rate basis. It should reflect accurately and 
immediately the performance and effort of the employee. The 
plan should be simple. Probably most workers have actually 
leemed how to compute their earnings even under some of the 
more elaborate bonus plans. However, simplicity is greatly to 
be desired. 

The plan should not direct the attention of the worker so ex¬ 
clusively to one type of performance that he is temjpted to neg- 
other elements in the job. In simple tasks, where close in- 
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spection is practicable, the piece rate is entirety adequate. Where 
inspection is costly, or thorough inspection is made impossible by 
the covering-up of operations in subsequent processes, it may be 
advisable in certain cases to abandon any piece-rate plan and to 
rely instead on supervision and give proper weight to the various 
factors in a performance. The various point plans permit the 
extending of the scope of performance qualities included in the 
compensation. However, in a complex working situation it may 
be inadvisable to attempt a coverage of all desirable qualities. 
Instead it may be better to fall back on day rates, using reco^ition 
in the form of promotion as the performance incentive. Any 
plan which pays for output, such as a bonus plan, shares this 
difficulty with piece-rate plans. To the extent that a bonus has 
incentive value, it offers a temptation to slight those kinds of 
performance not subject to bonus. 

Prerequisites for Incentive Programs 

Many technical factors must be analyzed in detail by engineer¬ 
ing methods before the proper type of incentive program can be 
developed for a particular installation. These are: 

1. Accuracy of Standards. Standards must be as accurate as is 
consistent with the cost of obtaining them and the value of the 
incentive program of these standards. 

2. Accuracy in Measuring Production. Means must be de¬ 
veloped to accurately measure the production of each employee, 
or each group of employees on incentive. 

3. A good production standard should be established and used 
under standard conditions. 

4. Hourly base rates for incentive wmrkers equal to hourly base 
rates for similar jobs should be guaranteed^ 

5. The plan should regard the worker in direct ratio to the 
increased output 

6. Possible bonus earnings must be large enough to spur the 
workers to their full capacity. 

r. A clean-cut poli<y, specifying when a standard is to be 
changed, must be in existence and adhered to rigidly. 
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8. A oomjdete wage pc^cy should be in existence and written 
before die incentive plan is inaugurated. 

9. The plan should be easy to i^erstand so that the employee 
is able to calculate his earning without difficulty. 

10. Any temporary ad|ustment in production standards should 
be made by the standard department and never by the for^fian 
pptime clerk alone. 

11. The plan must be policed ccmstantly^ and maintained in 
good working order. 

The industrial engineer who intends to install and maintain a 
wage incentive plan must be well grounded in all phases of man¬ 
agement. He must be able to properly determine where and when 
a plan is applicable and know enou^ about factors which would 
cause extreme fluctuations—their location, their cause and requi¬ 
site corrective measures—to see that the plan adopted functions 
properly. This man should do everything possible to strive for 
perfection in setting up incentive rates. 

The Fiece~Rate Plan 

The simplest method of linking performance to time is the 
piece rate, one of the oldest incentive plans. No doubt, piece work 
is the plan with which most people are familiar. It is very readily 
understood since it operates in the same manner as all retail trade: 
A certain number of dollars or cents are paid for all operations 
satisfactorily completed. However, strai^t piece rate may im¬ 
pose on the worker risks of loss for which he is not responsible. 
There may be a tie-up of the line, a shortage of materials, broken 
t(x>ls, or,A call to help out on an emergency job. Therefore, it 
has become customary to guarantee the day rate in many cases. 
Usually, the day rate is equivalent to the normal market rate for 
die job, and the piece rate permits a worker to earn up to 20 or 
30 per cent more than the day rate. 

Premium and Bonus Plans 

In addition to piece rates, a variety of premiurp and bonus 
plans have been developed. One of t^ originators of such sys- 



144 mix moy MANUAL 

terns is Henry R. Towne of Yale and Towne Manufacturing Cbm- 
pany, who proposed a plan to take the existihg output on a given 
job as a standard of performance and to divide with the worker 
* any saving made as compared with this standard oi allowed time. 
Frederick Halsey proposed a refinement of this plan which in¬ 
cluded a setting of the original standards by time study. 

One-half, two-thirds, and three-quarters have been common 
ratios for saving allowed the worker. Under the Halsey plan, 
if the allowed time for performance is one hour, with a 90-cent 
base rate, and the worker completes his work in 40 minutes, he 
would save 20 minutes. If a 50-50 bonus is used, he would be paid 
half this saving, or a bonus of 15 cents, and would thus receive 
75 cents for 40 minutes* work. While the **gain-sharing** formula 
of the Halsey plan still seems the most logical plan where there are 
large uncertainties in the time standards, the trend is generally to 
the use of the 100 per cent bonus, i.e., to pay the worker for the 
standard or the actual time, whichever is greater. 

Among other early plans which received wide publicity were 
the Taylor differential piece rate; the Gantt bonus plan; the 
Emerson bonus plan, with its variant, the Wennerlund plan, which 
was quite widely used in the automobile industry; and finally, the 
Rowan premium plan. 

Taylor pays one piece rate for performance which takes longer 
than the allowed time and a higher rate for performance in 
standard time or less. Gantt’s plan guarantees the day rate and 
provides a bonus to the man who reaches standard performance. 
This plan was designed to use a low base rate. Under this plan, 
the base rate would be increased substantially, sometimes 30 to 50 
per cent, for the attainment of the time standards. All production 
above 100 per cent efiBciency was paid for at the increased base 
rate. 

The Emerson and Wennerlund plans start with a small bonus 
at two-thirds or three-quarters of standard output, which is gradu¬ 
ally increased until at standard output a bonus of 20 per cent is 
paid on time worked. 

Under the Rowan plan, a man can never earn more than double 
the allowedjtime. A standard time is set, and die man is paid a 
bonus on time worked equal to the percentage (ff saving over 



XVI. WAC^ PAYMENT MiriHODS 


145 


standard time. The Rowan plan provides unusual protection 
against low rates and is more generous than the Halsey plan for 
slight increases over standard. It is not so simple and usually 
lo^ a bit tricky to the worker. Also, the incentive for further 
increases of output falls off rapidly as the output of the worker 
increases. 

' The Halsey plan provided the model for another job plan, the 
Bedaux point plan. Under this plan, an hour is divided into 60 
points or “Bs.” A man is credited with the allowed time in 
minutes, or points, for the job, and charged with the time taken. 
If the time taken exceeds the allowed time, he is paid day rate 
only. If the time taken is less than the allowed time, he is credited 
witb the difference. If over a period he has a net credit of allowed 
time over taken time, he is paid for these points saved, usually at 
three-quarters of his hourly rate. Often, the remaining one- 
quarter of the bonus is paid to the foreman. 

A number of incentive plans combine several of the better 
principles previously described without using too many of their 
disadvantages. The standards are set in units, points, manits, 
norms, and “B’s”; these all being trade terms denoting one minute 
of good work. 

Some of the point plans have made use of a sharing basis, but 
probably all now pay 100 per cent premium. The principal ad¬ 
vantage of this type of measure is diat it is entirely practical to 
gain the featiues of piecework by allowing time per piece which 
is later converted to money per piece. This method would permit 
continuation of standard times during changes in the level of base 
wages. Tim increase in earnings begins, as with piecework, when 
the standard has been reached. 

Measured Day Rate 

In recent years, there has been an increase in plans which 
share the characteristics of both day rate and piece rate, such as 
the so-called 'measured-day-rate*' plans. In these plans, standards 
are set by time study or analysis exactly as they would be set for 
piece rates. A record is kept of performance. More complex 
elements of performance, su^ as quality or saving materials, 
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may be included in the record on the basis of a point system. The 
operator is paid a flat hourly rate, but this rate is a^usted from 
time to time to take account of variattons in performance. Usu¬ 
ally, the adjustment takes place a month after starting a job and 
thereafter at quarterly intervals. 

Profit Sharing 

A group of plans in which interest has often been high, thou^ 
fluctuating, represents the various profit-sharing plans. A dis¬ 
tinction must be made between premium plans such as the Halsey, 
which share with the worker the gain resulting from his own ef¬ 
fort in exceeding a standard performance, and the so-caDed "true” 
profit-sharing plans in which, usually after payment of a fixed 
dividend to the stockholders, a share of the profits of the year’s 
operations is set aside for division among the employees. The as¬ 
sumption in plans of this type is in general that the profit division 
is in addition to, and not a substitute for, current market wages. 
Sometimes the worker s share is divided on a simple per capita 
basis. More commonly, it is distributed as a percentage of wages 
so that the more highly paid employees receive the larger share of 
the total. 

Although experience seems to indicate that wisely administered 
profit-sharing plans result in an increase in good will toward 
management, there is a question as to whether payments of this 
sort have a marked effect on producticm. 

Group-Payment Plans 

A good deal of attention has been paid to group piece rates. 
There is no reason why a standard of performance should not be 
set for a job requiring several men on exactly the same principles 
as would be used with a one-man job. A number of new admhiis- 
trative problems are raised, but in principle group piece rates or 
group bonuses will follow exactly the same lines as corresponding 
(dans applied individually. 

Where a number of people work at the same job, but independ¬ 
ently, the group piece rate is not desirable. On the other hand. 
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where the members of a noup perform idiff^ent operations in a 
series, as on an assembly line, the slowest individual in the group 
determines to a considerable extent the pace at which the whole 
group will work. In such circumstances, the group-piece-rate plan 
has proved eirceUent. 

The group piece rate or bonus also seems to work well with 
small groups whose tasks are related but not ^ndardized. 

A question which often arises with group-payment plans is: 
What shall be done in case the group can get along without some 
of its members? Often, after a group is organized and has worked 
for a while, its members will discover (perhaps as a result of tem¬ 
porary absence of one of the group) that they can do the work as 
fast without one of their number. In such cases, the practice 
would ordinarily be to let the group dispense with the member 
not needed and divide the original rate among the remaining 
members of the group. 

The group system of wage payment, where applicable, has 
several advantages: (I) Greater cooperation among the group 
members, provided personal dislikes are not present. (2) Re¬ 
duction of supervision, since normally one of the group is selected 
as group leader. (3) Reduced operator training time. (4) In¬ 
direct labor may be included in and controlled by the group. (5) 
Time keeping and work reporting are simplified. (6) Checking 
of group production results is often simplified, since there are 
fewer groups than individuals. (7) Absenteeism is reduced. 

It follows that the group system has disadvantages such as the 
following: 

(I) The problem of satisfactory allocation of working time on 
incomplete jobs. (2) No check is obtainable on standards for 
individual jobs or on individual efliciency. (3) Sometimes, it is 
difficult to find the right man as group leader. (4) Exceptional 
ability is penalized. 

When designing an incentive plan, emphasis should be given 
to the human elements rather than the details of the plan itself. 
It is important that incentives be applied in such a manner that 
employees have a greater, rather than a lesser, sense of participa¬ 
tion. Where incmitives ^ beytmd the stimulating of physical 
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effort, to the drawing out of die ideas of the employees, they wiQ 
be most suooessfd. 


Conclusion 

The adoption of wage incentives has contributed heavily toward 
increased production. Some incentive plans have increased pro¬ 
ductivity over 40 per cent, have increased wages by 15 to 20 per 
cent, and consequently yielded reduced cost of approximately 10 
to 15 per cent. 

A wage incentive plan should be a scientific attempt to 
work out the most advantageous relationship between produc¬ 
tivity and wages for all concerned. Everyone likes the idea of 
being rewarded according to his efiForts. Truth and fact should 
replace guess work and opinion. It is in general agreed that the 
more thoroughly the time study engineering job is done and the 
more accurately and scientifically the standards are established, 
the greater wiU be the increase in productivity over past perform¬ 
ance. 

From the cases cited, it may be seen that before selecting a 
particular wage incentive plan for a special set of conditions, it is 
well to be acquainted in every way possible, with possible rela¬ 
tionships between productivity, wages, and costs. 

The variations in incentive plans are infinite, but in general, 
they are based upon two factors, labor participation in the reward 
and the point at which the reward begins. 
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Guarantees to Be Used in Connection 

til 

with Time Standards 


When workers are placed on incentive pay, the base rate of 
the particular jobs involved is usually guaranteed for a period of 
several weeks or months following installation of the time stand-1 
ard. Often minor dianges occur in standards, which are so small 
as to escape detection. However, in the course of time, enough of 
these may accumulate so as to affect the validity of the standard. 
For this reason, many mills provide that gll standards must be 
reviewed at specific intervals, such as at least every three years; 
and that a standard may be changed when a deviation in excess of 
a specified amount, such as 5 per cent, has been noted. 

Specifications for Changes in Standards 

It should usually be specified that any changes in method, 
material, machine conditions, and layout will require revision of 
standards. Therefore, the standards department is usually notified 
in advance of contemplated changes affecting die time standards, 
so that the requisite studies can be made. O^ges in such items 
as end break rates and loom stops are also reason for revising the 
standard. It is usually necessary to set limits on such occurrence 
rates so as to allow for a certain amount of normal fluctuation; 
thus requiring revision or adjustment only when these limits are 
exceeded. 


Guarantees Against Loss of Work 

It is desirable to assure workers that the use of ^nethods or 
time studies wiO not result in any farced loss of jobs because 
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of reduced personnel needs, Sudi guarantees can be offered most 
readily, since the normal amount of turnover is usually adeijuate 
to find new openings in the mill for those people whose old jobs 
may have been el^inated because of meth^s and standards 
applications. Such guarantees are in the form of assurances 
against lay-offs because of job changes within the mill; but do 
not consider the possibility of lay-o£ because of short hours or 
a general cut-down in the level of operations due to market con¬ 
ditions, or other reasons not connected with methods and stand¬ 
ards work. 


Specification as to Nature of Changes 

It was previously pointed out in this chapter that any standard 
installed must be subject to the specification that it will be revised 
or adjusted when changes in work conditions make this neces¬ 
sary. The workers concerned should, of course, be advised of this 
pohcy. At that time, it will be well to point out that revisions 
may be made either “upward” or “downward.” Thus, if a change 
in conditions surrounding an operator s work has lightened his 
work load, a change may be made to increase the number of 
spindles, deliveries, or machines assigned to him. Similarly, if 
conditions have arisen which have increased his work load, a 
change may be made to decrease his assignment. The revisions 
“upward” or “downward” are thus made only in assignment of 
tasks; the actual work load itself, as regards the amount of “a 
fair day s work for a fair day s pay,” should not be subject to 
dianges, except where unequal loads are to be standardized. 
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Case Histories of Standards Determinations 


lit the preceding chapters, the subject of time study applica¬ 
tions has been prei^nted by the major phases of this work. Con¬ 
sequently, the purpose of the case histories presented here will be 
to provide a set of integrated time study data. These should aid 
the reader in visualizing the results of time study work as a whole. 

Probably no other application of time study work to textile 
processing represents as full a range of problems of determining 
optimum procedures as the winding operation. Several alterna¬ 
tive methods of winding can be used in a mill, and the determina¬ 
tion of which method is best for a given set of conditions requires 
careful study and analysis. The case histories selected are from 
winding, showing how the various alternatives of methods are 
derived, so as to install the optimum method in the particular 
winding operation which is to be placed on incentive.^ 

There are two general types of winding machines which are 
widely used in mills today: 

Drum Winders. Here the padcage is driven by frictional con¬ 
tact with a revolving drum, with either a reciprocating thread 
guide or rotating traverse. This is the type in most general use. 

On this type of machine the yam speed is constant, as the sur- 
/oce of the package is driven by the surface of the drum, which 
has a constant speed. (See Fig. XVlII-1.) 

Precisioni Winders. Where the winding spindle and the pack¬ 
age turn at a uniform speed in revolutions per minute. On this 
type, the spindle speed is constant, but the yam speed increases 
as the diameter of the package increases. This is in distinct con¬ 
trast to the drum winder, where the yam speed is constant but the 
revolutions of the package decrease as the package 611s up. 

On a precision winder, the package is 6xed on the spindle, and 
since the spindle has a uniform speed in revolutions per minute, 

^ Refninted widi permission of Jesse W. Stxibling and Leesonl Coip. horn 
Textile Industries OtA. (1952). 
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the yam speed will increase as the package increases in dimeter. 
(See Fig. XVIII-2.) 

With these generalities out of the way, we now come to the 
actual operation of the machines. We shall deal first widi drum 
winding, because that is the type of equipment in most common 
use. 



Figure XVIII-1. Drum wound cone. 



Figure XVIII-2. PredsiQn wound cone. 

Drum Winders 

Hie rule-of-diumb on old-type slow-q)eed drum winders was 
to give a girl about 50 spindles, regardless of the length of yam on 
the bobbin^ This meant that on long-yardage bobbins the opera-. 
, tor was not kept busy and wasted a great deal of time waiting for 
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tile bobbins to run out. in sudb cases her production was low and 
the piece rate hi^. Oti short-yardage bobbins, usually very 
coarse yam, the bobbins were exhausted much more quickly, with 
the resiilt that the operator was kept busy all the time and her 
production was high, with the piece rate low. These conditions 
usually meant a graduated scale of piece rates from low on coarse 
yafns to high on fine yams. 

Analysis of Operations 

With the advent of modem high-speed winders, management 
began to show interest in a scientific method of determining the 
actual amount of work, or time, involved in the difiFerent elements 
of winding yams, from which could be calculated the production 
that an average operator should turn off on any yam and the num¬ 
ber of spindles she should be allotted for that production. The 
elements involved are 

1. Change full bobbins: 

(a) Remove and dispose of empty bobbin. 

(b) Pick up full bobbin, find end, remove surplus yam from 
base of bobbin, place on supply spindle, and thread tension. 

(c) Find end on package, tie ^ot, and start spindle. 

2. Retie breaks. (Practically same as (c) above, because 
broken end is usually found in tension bracket.) 

2. Gauge and doff full package. 

4. Clean machine. 

5. Fatigue allowance. 

The times required for performing eadi of these elements will 
be fairly ^uniform for the range of yam counts usually produced 
in a given mili, although it is recognized that there will be a differ¬ 
ence between very coarse and very fine yams. For example, it 
will take longer on 60 s single yam £han it will on 10*s, because die 
operator will have to be more careful in handling 60's to prevent 
breaking the end as she pulls the loose end from the padcage to 
tie the knot. Also, it takes more time to find the lo^ end on 
the package in handling very fine yams. 

However, in a mill spinning from, say, lO’s to 30^^ the element 
times should be fairty uniform. If a mill is spinning from, say 
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acts to do’s, tlie dement times wfll be greater but the same times 
can be used for the range of counts. 

With the unit times for the different elements remaining con¬ 
stant for a given range of yams being produced, it is obvious that 
the total time required by the operator to wind one bobbin of yam 
will be the same regardless of the yam count in the given range, 
provided the end breakage is fairly uniform. This means that the 
production of the operator will depend upon the net weight of 
yarn per bobbin, practically regardless of the yam count. 

Therefore, since an operator s production depends upon the 
weight of yam on the bobbin, the piece rate for the given range of 
yams will be the same, so long as the net weight of yam per bobbin 
remains the same and the end breakage remains fairly constant 
Consequently, if a mill is spinning from 10’s to 20’s on, say, 2-inch 
rings, toe net weight of yam per bobbin will be fairly uniform, 
which means that toe same piece rate can be used for the different 
counts which are spun on 2-inch rings. 

It is clear that 20’s will have approximately twice the yardage 
of yarn per bobbin as will lO’s. Therefore, an operator should 
tend about twice the number of spindles on 20’s as she should on 
lO’s, but her production will be approximately the same. The 
method of determining the number of spindles per operator will 
be fully covered later. 

End Breakage, It can be readily seen that the major part of an 
operator’s time is taken up by element 1 (changing full bobbins), 
and element 2 (tying breaks). The unit times for these elements 
will be fairly constant for the different yams and for different 
operators, although it is recognized that some operators are 
naturally faster than others. Therefore, about the &st thing to 
be done is to determine the number of bresJcs per 100 bobbins of 
yarn, usually expressed in percentage. For instance, if the aver¬ 
age of a great many tests shoM^ 20 breaks tied up per 100 bobbins 
of yam wound, the figure 20 per cent is used. 

The importance of getting this figure as accurately as possible 
cannot be over-emphasized. The tests should cover a great many 
bobbins from many different spinning frmnes. A good metood is 
to assign onq. man to the tests and have him follow one winder 
tender for several hours at a time. He should carry a pad and 
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indicate time ilw operator dianges a full bobbin and eacb 
time she ti^ up a bi'oke^n end. Ibis is done continuously for 
several hours. (See Fig. XYIII-S.) 

Let us suppose that during the time he follows a certain opera* 
tor, his pad shows a total of 910 full bobbins changed and 182 
bleaks tied up. The end breakage is: 

182 X 100 ^910 = 20% 

He should then change over to following another operator and 
repeat the test. From the totals an average figure can be obtained 
which will be accurate enough for the entire job, unless individual 
tests show too much variation. 



Figure ^^111-3. Time study engineer checking an operator who is tonding 
spindles from left to right, as in the cycle method. 


These tests should be repeated from time to time to check on 
the quality of the yam being spun and on the settings of the slub- 
catchers. Naturally, if the percentage of end breakage should 
change and remain changed, the piece rate will have to revised 
to co^orm to the new end breakage. However, if the end break¬ 
age should go up, the natural consequence would be to investigate 
,ti^ cause and correct it rather than change the rate.** If the bri¬ 
dge should go down and remain consistently lower, better spin- 
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fling is indicated and a low^ piece fate would be pistifiedL Tbe 
question of whetb^ the rate should be reduced would be iqi to 
^e management. 

Element 3 covers .the gau^g and dc^Bng of full padcages. 
The time for this element wffl remain constant for the avenge 
range of yams in a given mill, provided the net wei^t of yam per 
package is constant and there is not much variation in the weight 
of yam per spinning bobbin. If 3-pound cones are being wound, 
with 4 ounces of yam per bobbin, there will be 12 bobbins per 
cone regardless of the yam count. Therefore, the time for this 
element will be constant. 

Element 4 covers cleaning. While the time for this element 
could be figured down to a bobbin basis, it se^s simpler to ex¬ 
press it as a percentage of the operator s total time and deal with 
it separately. In some mills the deaning is done after each doff 
of full packages or after every other doff. In other cases it is done 
at stated periods, such as once every 8-hour shift or twice each 
shift. Regardless of when done, the time for cleaning an operator’s 
assignment of spindles can be easily determined by tests. For 
example, if cleaning is done every four hours and it takes the 
operator 10 minutes to clean off her job: 

(10 XlOO) (4 X 60) = 4.1% of total time for cleaning 

Methods cf Doffing VuU Packages, In some mills the practice 
is to have the packages fill up together on an operator’s job, so 
that all her spindles doff at approximatdy the same time. In 
these cases the deaning is done at the end of every doff or every 
other d(^, and it is a simple matter to figure the percentage of 
time required for deaning as against the total time between 
cleaning periods. 

And this brings up a question which is often raised. Is it 
better to have the packages fill up together or to let them fiQ up 
at random and be doffed, and the spindles re-started, as drey 
reach the full diameter? The winding cost is alwiq^ lower where 
the packages are doffed individually as they reach full diametor, 
however, in some cases it is necessary that th^ be doffed In sets. 

For example, where a mill has a number small orders to fill, 
each calling for only a few cases of special yams, it simplifies the 
job to jmt the requhud number of operators on each order and tdl 
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thCTn how many doffs to wind. This is figured out beforehand as 
to the number of doffs required to fill the order. In such a case, 
the time of "^tailing-out” an order is saved, as it would take several 
hours for each operator to fill up all the packages on her job if the 
doffs are broken up. 

Also, in mills which spin a wide variety yams, calling for the 
counts being changed often on the winders, time is saved in 
tailing-out each operator’s assignment of spindles by having the 
packages fill up together. 

In those mi^ where the counts are not often changed, where 
each machine will run for days at a time on the same yam, there 
is no question but that time is saved by dofiBng each package as it 
becomes full and then starting up that spindle imme^tely, with¬ 
out waiting for the remainder of the spindles to fill up. This will 
mean that the operator s production will be higher, with a corre¬ 
sponding decrease in winding cost. 

Operating Methods 

Before going into a detailed analysis of the two different 
methods employed by the winding machine operator in tending 
her allotment of spindles, it might be well to discuss them briefiy. 

The first, and the one giving the lowest direct winding cost, is 
where the operator works in cycles; that is, she works from one 
spindle to the next, never doubling back to tie a break or change 
a bobbin. In this way, she does not lose the time of walking the 
distance of several spindles. She starts at one end of her assign¬ 
ment and services each spindle consecutively to the other end. 
When she teaches the end of her assignment, she walks back to the 
first spindle, udthout stopping to tie Weaks, and repeats the cycle. 

It will be obvious that she can service a spindle—either change 
a bobbin or tie a break—in less time, where she moves only the 
distance of one spindle, than she can where she has to walk the 
distance of several spindles every time she services a spindle. 
This being tme, the question may ^ asked: Why not always have 
the operators work in cycles? 

The answer is that where the end breakage is expressively high 
there wiD be so many inoperative spindles Aat the machine effi- 
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deucy will be very low, and the added investment in windhig 
machines will be appreciable. It should be remembered that, 
where the operator works in cycles, a broken end must wdt 
until she reaches that spindle on her next cycle. It can readily be 
seen then that where the end breakage is extremely high, a great 
many of her spindles will be standing an appreciable part of the 
time. 

The second method, which we call the "random” method and 
which is more appropriately used where the end breakage is 
hi^, is for the operator to tend fewer spindles and keep diose 
spindles in operation a higher percentage of the time by servicing 
eadi spindle as it becomes inoperative. This will mean higher 
direct winding costs, but in some cases it is necessary in order to 
obtain a high machine efficiency, as contrasted to Idgh operator 
efficiency. The reason for the higher direct winding costs under 
this method is, of course, that the unit times for the principal ele* 
ments—changing bobbins and tying breaks^will be higher, caused 
by the operator having to lose more time in walking to the in¬ 
operative spindles, averaging the distance of several spindles 
between operations. 

Training the Spinning Doffer, At this point, perhaps a paren¬ 
thetical word should be added as to the importance of the proper 
training of the do£Fers on the spinning frames, in relation to the 
work of the winder tenders. 

A great deal of time can be saved for the winder tenders if the 
dofiFers are properly trained to leave only enough yam around the 
base of the spinning bobbin to permit the bobbin to be drawn off 
over the top of the spiiming spindle in doffing. Of course, it is 
much less trouble for the doffer to run the rail down and then mn 
on plenty of wraps of yarn around the base of the bobbin so as to 
be sure that the end will not be broken in removing the full bob¬ 
bin from the spindle. However, all those extra warps of yarn 
must be removed by the winder tender before she places die 
bobbin on the supply spindle of the winder. If there happens to 
be a nick or rough place on the base of the bobbin, it takes even 
longer, because the surplus has to be pulled off over the base of 
the bolffiin. ^ 

The doffers can be trained until they become expert in kimwing 
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just bow much yam to run around the base of the bobbin, enou^ 
to permit the bobbin to be removed over the top of the spinning 
spindle with just about one wrap left around the base of the 
bobbin after breaking the end. A^en such a bobbin reaches the 
winders, the winder tender has only to pick up the end where it 
runs down side of the bobbin and pull the loose end off over 
the top of the bobbin, without having to unwind it over the base 
end. While this may seem a minor point, Vi^hen it is considered 
how many bobbins a day are handled by each winder tender, it is 
readily apparent that the saving of a small fraction of a minute on 
each bobbin means an appreciable saving in the total time of the 
winder tenders. 


The Cycle Method 

Examples of each of the two methods of tending the spindles 
are cited, illustrating first the cycle method. 

Referring to the elements in a winder operator's job, for element 
I—changing full bobbin-experience and a great many time studies 
have shown that an average experienced winder tender should 
change bobbins at a rate of 12 min. per bobbin on counts of yarn 
from say lO's to 30's, where she works in cycles and moves only the 
distance of one spindle between bobbin changes. 

For element 2—re-tying breaks—it has been found that the same 
operator should tie breaks in .08 min. per break when working 
in cycles. 

These element times will be higher when servicing spindles at 
random, but those times will be covered at the appropriate time. 

For changing packages—element 3—perhaps it would be well 
to first explain just what is involved. In almost all cases, the 
package be changed upon the emptying of a bobbin. Con¬ 
sequently, the total operation involves removing the full package, 
placing an empty tube or cone on the spindle, and starting up a 
full bobbin of yam, although there will no knot to tie. 

The unit time for the complete operation is .23 min., but it 
should be remembered that the operator will have started a new 
bobbm to winding, this bobbin being included ^ element 1, 
Since .12 min. is ^owed under element 1 for changing the full 
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h&biB, this means that only .11 min, is used fot chants the pack¬ 
age, representing the difference between .23 min. and .12 mbi. 

In combining the different elements into the total amotmt of 
work, or time, involved in winding a given quantify of yam, it is 
immaterial as to the amount of yam used for the calculation. 
There are several convenient units to use in working this out, sudi 
as the arbitrary weight of 100 pounds, or by simply using 100 
bobbins as a basis. 

In the examples and calculations to follow, we shall use a unit 
of 100 bobbins, since it is convenient for calculation purposes. 

Based upon 100 bobbins to be wound and assuming 20 per cent 
end breakage, with 12 bobbins per package, we get an analysis of 
the work involved as shown in Table XVIII-1. 


TABLE XVIII-1 

Calculation of Service Time, Cycle Method 
Element Calculation Time, mins. 


7 

100 bobbins changed X .12 min. 

12.00 

2 

20 breaks tied X .08 min. 

1.60 

3 

8.3 packages changed X .11 min. 

.91 


Allowance for walking time 

.49 

Total 

100 bobbins wound, 120 spindles serviced 

15.00 


It will be observed that tliis analysis represents all the work in¬ 
volved in the winding of 100 bobbins of yam except for cleaning 
and other miscellaneous duties. It will also be observed that the 
yarn count has no bearing on the result, nor does the amount of 
yam per bobbin, except inasmuch as it affects the number of cones 
changed per 100 bobbins wound. In this case, we used 4 ounces 
per bobbin and 12 bobbins per package, representing 3 pounds. 

Since the operator has actually wound 100 bobbins of yam in 
15.00 minutes, the total time per bobbin is .15 minute. 

In figuring operator production, we now must take into account 
the element of cleaning and miscellaneous duties, as well as 
fatigue. Assuming 5 per cent of the total time for cleaning and 
mis^Ilaneous (24 minutes per 8-hour shift), and 10 per cent for 
fatigue, a total of 15 per cent, we get: 

60 X BS% -5- .15 min. = 3^ bbns. 
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Assuming that the bobbms contam 4 ounces of yarn, 4.0 bobbMs 
per pound, we get a production of; 

340 bbns. -i- 4.0 bbns./lb. = 85 tt«./operator/hr. 

Piece Role. In figuring, from the above production, the piece 
rate to be paid, there is one very important point to be kept in 
mind. It was stated that the element times us^ were for average 
experienced operators. In order to comply with the minimum 
wage established by law, or by the mill, which is usually higher, 
the piece rate should be so fixed that practically all operators will 
earn the minimum wage or more. This will mean that the 
average experienced operator will earn considerably more than 
the minimum. If the piece rate is so figured that the experienced 
operators will average only the minimum wage, there is no in* 
centive for reaching higher productions, because they know that 
they must be paid the minimum wage. 

It has been found that if the piece rate is fixed so that the 
average experienced operators will earn about 15 per cent more 
than the minimum wage, an incentive is provided and the less 
experienced winder tenders will still earn the minimum wage. 
The necessity of having to "sweeten” the pay of the slower girls 
will be largely eliminated. 

Therefore, to convert the production found in the given example 
to an actual piece rate—assuming that the rate is to be based on 
a doffer box of 126 bobbins, and asuming a minimum wage of 
$1.00 per hour: 

340 bbns./op./hr. -r- 126 bbns./box = 2.7 boxes/op./hr. 

lOO^f X 1.15 -T- 2.7 boxes = 42.6f( per box, piece rate 

or, to simplify the formula: 

1000 (per hr.) X 1.15 X 126 bbns./box 340 bbns./op./hr 

= 42.60 per box 

By using actual mill figures in the formula, the piece rate to be 
paid can easily be figured. 

Spindles per Operator, To calculate the number of spindles 
whidi an operator should t^d in order to obtain tlj^e producdon 
outlined in the given instance, we first must obtaM an average 
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time for servicing each spindle. It is important to rem^ber here 
that the operator is working in cycles. Consequently, in changing 
100 full bobbins and typing up 20 breaks, she has really sertAced 
120 spindles. Therefore, if we divided the number of spindles 
serviced into the time required to service those spindles, we get: 

15.00 mins, -r-120 spdls. = .125 min. 

which is the average service time per spindle. 

And now, for the first time, we must use the actual yam count 
under consideration. For the purpose, we shall assume 16 s yarn, 
4 ounces per bobbin or 4.0 bobbins per pound, 3360 yards per bob¬ 
bin, and a winding speed of 550 yards per minute. At that speed, 
the bobbin of 33^ yards will be run 6.11 minutes, to which 
should be added .30 min. to allow for the spindle to stop turning 
after the package rises from the driving drum. 

Dividing this total time (6.41 mins.) by the average service 
time per spiruile (.125 min.) we get 51.3 spindles which the 
operator should tend (assignment would probably be 50 spindles). 

The basic principle of the cycle method is that the time of 
making one complete cycle will be the running time of the bobbin 
plus the time it takes for a spindle to stop turning when it rises 
from the driving drum, as the spindle should come to a stop before 
being serviced. If the operator stops the spindle by “braking” 
the package with her hand, there is danger of breaking or tangling 
the yarn on the surface. Therefore, by the time the operator has 
serviced her last spindle, the bobbin which was started up on the 
first spindle will be exhausted—and the spindle will have stopped 
turning—by the time she gets back to that spindle on the next 
cycle. 

While the element times used in these illustrations are con¬ 
sidered appropriate for an average experienced operator, it should 
be kept in mind that they may not be applicable to all jobs; some 
operators are naturally faster than others, and there may be other 
local conditions which may afiPect the unit times. Actual tune 
studies should be made on the job to determine the unit times to 
be used, and care should be taken to insure that diey represent 
average experienced operators, not learners or the fakest opera¬ 
tors on the job. 
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After the element times are established^ care should be taken 
in finally determining the number of spindles per operator. The 
assignments as determined by the element times will be for an 
average experienced operator; faster operators should have more 
spindles and slower operators, fewer spindles. 

Where the cycle method is used, a casual inspection of a wind- 
idgxoom will usually disclose whether the spindle assignments are 
correct. If an operator is waiting for spindles to run out ahead 
of her (Fig. XVIII-4), or if she is braking spindles by hand 



Figure XVIIl-4. Waiting for the next supply bobbin to empty: the operator 

has too few spindles. 

instead jof waiting for them to stop turning, it will be obvious 
that her spindle assignment is too low. 

On the other hand, if there are a large number of inoperative 
spindles ahead of her (Fig. XVIII-5), she has too many spindles; 
her assignment should be reduced. However, a few empty 
spindles (Fig. XVIII-6) are not objectionable; she will have an 
incentive to speed up and keep all spindles producing, thus in¬ 
creasing her earnings. 

Walking Time, Of course, it takes some time for the operator 
to walk from the last spindle in her cycle to the first spindle. 
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This walking time is included in the tc^al time re(|uifed to 
wind 100 bobbins of yarn, as shown in Table XVlIl-1. Bdfom it 
can be computed, it is &st necessary to estimate by “rule ol 
thumb" the number of spindles per operator. For the purpose, 
it has been found accurate enough to multiply the running time 
of the bobbin by eight. In the example given, the running time 
is 6.11 mins. Therefore, 6.11 X 8 = 49 spindles per operator (50 
spindles used). 



Figure XVIII-5. Too many empty supply bobbins ahead: the operator 
has too many spindles. She is servicing spindles in cycles, left to ri^t, and 
doffing full cones at random as they reach full diameter. 


The next step is to determine the number of cycles the operator 
will make in winding 100 bobbins of yam. Referring to Table 
XVIII-1, it is seen that she will service 120 spindles in winding 
100 bobbins of yam. Therefore; 

120 spdls. serviced 50 spdls./op. = 2.4 cycles/100 bbns. wound 

It is now necessary to compute the distance walked by the 
operator fron^the last spindle to the first spindle of her assignment 
on ead) cyde. In the example given, this is fairly easy, l^ause 
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i}ie 50-spiiidle assignment wi& probably b^ one side of a 100- 
spindle machine. On other assignments, it is necessary to use 
tbe actual distance walked at the end of eadi cycle, but this is not 
too complicated. 

In operating 50 spindles on one side of a machine, the operator 
will start at one end of her assignment and start spindles con- 
.sdCutively to the other; she will then walk back to the first spindle, 



Figure XVlII-6. Four empty supply bobbins ahead: the operator has the 
correct assignment on die cycle method. 


in this ckse die distance of 49 spindles. The distance between 
spindles is usually about ten inches. 

Distance walked at end of each cycle 

= 49 X 10 in. -f-12 in. = 40.8 ft. 

Next, we consider the average speed at which an average oper¬ 
ator will walk. Experience has shown that 200 ft. per minute is 
reasonable to expect, or .005 min. per foot 
. It has be^ shown that, in the example being used^ there will be 
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2.4 cycles per 100 bobbins of yam wound, with 40.8 feet to be 
walk^ at Uie end of each cycle. Therefore: 

Walking time per 100 bobbins wound 

= 2.4 X 40.8 X .005 = .49 min. 

The foregoing method of computing walking time should be 
used where the spindle assignment is such that the spindles are not 
all on one side of a machine; that is, the actual distance walked 
at the end of each cycle should be used. Where this distance is 
different for each operator, an average figure can be used. 

A method for computing walking time, used by the author for 
several years, is mu^ simpler and eliminates the need for first 
estimating, by mle-of-thumb, the number of spindles an operator 
will tend. 

This method assumes that all the operator s spindles will be 
on one side of a machine; in other words, she will walk the full 
length of her assignment at the end of each cycle, which would 
be die maximum distance to be walked under any assignment. 

At the walking speed of 200 ft. per minute, or .005 min. per 
foot, the time to walk the distance between spindles (10 in.) is 
.0041 min. If the number of spindles serviced (100 plus end 
breakage) is multiplied by .0041, the result will be the walking 
time per 100 bobbins wound. 

In the example used: 

Walking time per 100 bobbins wound = 120 X .0041 = .49 min. 

This short-cut method is accurate when the operator walks the 
entire length of her assignment at the end of each cycle, regardless 
of the spindle assignment, the running time of the bobbin, or the 
end breakage (end breakage is included in the number of spindles 
serviced per 100 bobbins). For assignments where the operator 
walks a shorter distance, the figure obtained will be a little high, 
but it wiU be on the conservative side. 

Methods of Payment, There are several methods of paying 
winder tenders by piece rate; among them, it is probable that the_ 
two most widely used are: (I) Rate per 100 pounds of yam 
wound. (2)*Rate per box of yam wound, the box usually being 



VnSL CASE inSTOIOES 

6ie doSer’s box containing tbe bobbins from one side of a spinning 
frame. 

The method of paying by the box of yam is generally the 
most equitable and convenient where it can be used. It has been 
shown that for a given range of yams, all spun on the same size 
rings with the same net weight per bobbin, the winding cost will 
be approximately the same for the different counts, whether 
figur^ on a pound basis or a bobbin basis. Spinning frames are 
usually doffed with one side of the frame in one doffer’s box, say 
126 bobbins of yam. Consequently, a piece rate can be estab¬ 
lished per box of yam, which rate will be the same for the different 
counts, with the number of winding spindles per operator vary¬ 
ing with the count of yam, or the number of yards per bobbin. 

The method of paying by the box of yam seems to have several 
advantages over other methods: 

1. The keeping of each operator s production record is simpli¬ 
fied, as each girl has an individual card which is mounted at the 
end of her job and on which is punched the number of boxes of 
yam which have been poured into her troughs, or shelves, each 
day. 

2. It is less difficult to estimate the amount of yarn left on each 
girl’s job at shift-changing time. For instance, if an operator has 
an estimated 3 boxes left, this is deducted from her column for 
that day and added in at the top of the column of the girl’s card 
on the next shift. This is more convenient and probably more 
accurate than estimating the amount of yam left on the winding 
spindles, which is usually done where payment is made at a given 
rate per 100 pounds. 

3. If sbme change is made on the spinning frames to get more 
yam per bobbin, there is no necessity of changing the piece rate, 
since n(me of the elements has been changed, and the work of the 
operator has not been increased. The number of spindles per 
operator should be increased to conform to the new bobbin, but 
the rate will not have to be changed. Therefore, the winding 
cost per pound will be reduced without the onus of “cutting 
wages.” 

For illustration of the foregoing, in the example given for calcu¬ 
lating the piece rate, the result was 42.6 cents per box of 126 
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bobbins, 4.00 bobbins per pound of yam, or 31.5 pounds net per 
box. The direct labor cost per pound Is: 

42.6# -f- 31.5 lbs. = 1.35#/Ib. 

Now suppose that some dianges are made on the spuming 
frames, such as installing larger rings or using longer bobbins, 
with the result that the bobbins will contain 6 ounces ai yam, 
2.67 bobbins per pound. As previously explained, there Is no 
reason for increasing the piece rate per Irax, unless the end break¬ 
age increases, as the actual wcuk done by the operators has not 
been increased. However, instead of getting 31.5 pounds wound, 
there will be 47.2 pounds wound for 42.6 cents. Therefore, the 
direct labor cost will be: 

42.6# 47.2 lbs. = .902#/lb. 

There will therefore be a saving of .448 cent per pound, without 
increasing the efiFort of the winder tenders. Naturally, the assign¬ 
ment of spindles per operator will be increased, b^ause of the 
longer bobbin. 

The point may be raised that when the amount of yam per 
bobbin is increased, the end breakage will also increase and thus 
increase the winding cost. It is true that the end breakage may 
increase slightly, but it will not go up in the same ratio as the in¬ 
crease in yardage. Experience has shown that while there will 
be a slight increase in end breaks, it will not be enough to materi¬ 
ally affect the winding cost. 

4. Payment by the box is more equitable to the operator where, 
as sometimes happens, a spinning frame is doffed short and con¬ 
sequently the amount of yam per bobbin is less than that on 
which the piece rate was fixed. Where the operator is paid by the 
hundred pounds, her earnings will be less because she has mcve 
work to do in winding a given weight of yam. 

On the other hand, if she is paid by the box, each cootaining a 
given number of bobbins, her work for the box yam has not 
changed and her earnings wiU not be affected. 

Such shmrt doffs will increase the cost per pound to the mill widi 
this method of payment, but it should tmd to ke^ supervision on 
its toes to prevent having these short doffs. 
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Formi. Of course, to make use of the diSereut calculations in¬ 
volved, some kind of form is very desirable and is almost a 
necessity. The procedure iHustrated in Fig. XVIII-7 is a sum¬ 
mary of the calculations given for the cyde method of operation 
and has been found useful in a number of mills. The figures and 
data used conform to the miample given. 

Miemge Experienced Operaiors. Frequent mention has been 
made of the term “average experienced operator,” and perhaps 
its meaning as used herein should be amplified, particularly for the 
benefit of those time-study engineers who are accustomed to the 
systems used by several recognized industrial engineering firms. 
Most such firms use the “unit,” “point,” or some other term to 
designate the unit of time measurement. Such a unit is one 
minute’s work performed by a “normal operator,” a normal opera¬ 
tor performing 60 units per hour. A normal operator is therefore 
referred to as a 60-unit-hour operator, or a 60-point-hour operator. 

While time-studying an operator, the engineer determines her 
“speed rate”; that is, he determines from experience the speed at 
which she is working as compared to a normal, or 60-unit-hour 
operator. If, for example, he determines that her speed is at the 
rate of a 70-unit-hour operator, he increases the element times 
obtained to those of a “normal” operator by taking seven-sixths of 
each element time. 

The term “average experienced operator,” as used in this 
article, corresponds to approximately a 70- or 72-unit-hour opera¬ 
tor. Experience has shown that, in those mills using the unit or 
point system, the average experienced winder tender will be 
about a 70- to 72-unit-hour operator. 

The Random Method 

As has been stated, the random method of operating spindles is 
the one used where the end breakage is very high and 3ie operator 
does not work in cycl«i but services each spindle as it becomes 
inoperative. Although the labor cost of winding is usuaHy higher 
under diis method, it is sometimes necessary to use it in order to 
imrease the machine efficiency of the winders. , 

In ca^ oi limited flom* space available, thore is no alternative 
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Yarn Runiber.Tsxn Speed. .. fSO YItl 

Bobbins per Poiutd. . ^0 Bobbin Buns. i.l/ JOas. (A) 
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Figure XVIIl-7. Drum winding analysis form. 
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but to get a certain efficiency out of the maximum number of ma- 
diines that can be installed in the space on hand. 

It is more difficult to estimate accurately the production per 
operator under the random method, because the times used for 
the different elements depend largely upon the distance which 
the operator has to walk in servicing each spindle. In some cases 
sh^ have to move only the distance of one or two spindles, 
whereas sometimes she may have to walk half the length of the 
machine to get to an inoperative spindle. However, if enough 
time studies are made under enough different conditions, figures 
can be obtained which will be fairly accurate. By checking the 
figures obtained against actual production recoids in a number 
of instances, the accuracy can be verified. 

In the example to be given, the unit times for ihe elements are 
for average experienced operators, and while there may be 
instances where they may not be sufficiently accurate, it is thought 
that they can be safely used in the average mill to predetermine 
the production per operator and the number of spindles she should 
tend to get that production. 

The elements involved are exactly the same as under the cycle 
method, but the element times are higher, because of the extra 
distance to be walked between spindles. 

For element 1 (Table XVIII-2) it has been found that an aver¬ 
age experienced operator can change bobbins at a rate of .14 min. 

TABLE XVIII-2 

Calculation of Average Service Time per Bobbin, Random Method 


Element 

Calculation 

Time, mins. 

/ 

100 bobbins changed X • 14 min. 

14.00 

2 

60 breaks tied X ■ 10 min. 

6.00 

3 

8.3 packages changed X .11 min. 

.91 

Total 

100 bobbins wound 

20.91 

Ave. service time/bobbin 

20.91 mins. 4- 100 bobbins 

.2091 


per bobbin on counts from about KTs to 30*s, where she services 
the spindles at random. 

For element 2, the same operator can tie breaks in .10 min. per 
break* 
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For element 3, &e time to dbange a padcage is .25 min., \«A of 
this time, .14 min. is included in the b(d>bin-dian^g element, 
since the package is usually changed at the mnptying of a bobbin. 
This leaves .11 min. to add in for changing tibe package, the 
same as was used under the cycle method. This is assuming, of 
course, that the packages are doffed and the spindles re-started 
immediately, without waiting for aU the spindles to fill up. Where 
the packages are doffed in sets the element time for dofiBng is 
figured differently, as will be illustrated later. 

Again basing the calculations on a unit of 100 bobbins, a sum¬ 
mary of the elements involved, assuming 60 per cent end break¬ 
age and 12 bobbins per package, is given in Table XVlII-2. 

Since the total time for winding 100 bobbins of yam is 20.91 
min. the total time per bobbin is .2091 min. 

Therefore, allowing 15% for cleaning and fatigue, to obtain the 
production per operator per hour: 

60 mins. X 85% -r- .2091 min./bbn. = 244 bbns./hr. 

244 bbns./hr. 4.0 bbns./lb. = 61.0 Ibs./op./hr, 

The given calculations are the same as used under the cycle 
method, except for the differences in the element times and the 
omission of walking time, which is included in the element times. 
However, in coming to the calcuation of the number of spindles 
the operator should tend to get the production estimated, we de¬ 
part entirely from the cycle method. 

For the illustration, we shall use the same yam data as were 
used under the cycle method; namely, 16s/l yam, 4.0 bobbins 
per pound (3360 yards per bobbin), 3 lbs. per package, 550 yards 
per min. winding speed, but with end breakage of 60 per cent. 
The illustration is given in Table XVIII 3. 

Now, to obtain the number of spindles an operator should tend, 
we divide the total time per bobbin (7.119 mins.) by the average 
service time per bobbin, which, under the random method of 
servicing the spindles, is considered the average service time per 
spindle: 

Total time/bbn. -r- ave. service time/bbn. 

= 7.119 mins, -i- .2091 mins. = 34 spd]5./qperatbr 
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TABLE XVIIl-3 


Calculation dl Total Hme per Bobbin,^ Random Method 


Element 

Calculation 

Time, mins./bobbin 

Running time/bobbin 
Idle time/bobbin 

3360 yds. + 550 YPM 

6.110 

CSiange bobtnn* 

.5 min. -1- .14 min. 

.640 

‘ Retie breaks^ 

(.5 min. X .10 min) X 60% 

.360 

Change package* 

.11 min. -f- 12 bbns./pkge.^ 

.009 

Total time/bobbin^ 


7.119 


• An allowance of .5 min. is made for each time the spindle is serviced, which 
includes the time required for the spindle to stop turning. 

>> In this instance, we have the .5 min. allowance plus .10 min. for tying up the 
broken end, ^ving .60 min per break. To convert this to a per bobbin basis, it is 
necessary to multiply by the percentage of end breakage to obtain the idle time 
of the spindle per bobbin. 

• Obviously, this is the conversion of the package changing time to a per bobbin 
baus, remembering that a full bobbin is changed as part of the operation, with 
that time included under “change bobbin.” 

Except cleaning and fatigue. 


Possibly it should be repeated that walking time, under the ran¬ 
dom method, is included in the element times; it is a separate 
item under the cycle method. 

The illustration shown as Fig. XVIII-8 is oflFered as a condensa¬ 
tion of the calculations given. 

Doffing Packages in Sets. Under the method of dofiBng pack¬ 
ages in sets, the virinder tender attempts to keep the broken ends 
tied up so that the bobbins will run out in sets. No attempt to 
work in cycles is made. The operator pays particular attention 
to broken ends, tying them up before changing empty bobbins, 
so that aH the spindles on her assignment will fill up as nearly 
as possible together. The reason for this was mentioned pre¬ 
viously. 

Since the full packages are to be do£Fed in sets, it is obvious 
that the element time for doffing should not be included in figur¬ 
ing the number of spindles per operator, since the doffing is almost 
an entirely difiFerent operation. The operator pays no attention 
to the diam€^rs of the packages until they are approaching full 
size. When the first package reaches the desired ^ameter, she 
doffs that spindle and lets it remain idle until all other spindles are 
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Figure XVIII-8. Winding analysis form. 
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doffed. This is done for eadi succeeding spindle, so that there. 
will be a period of several minutes when she will be actually tend¬ 
ing only a very few spindles, the others being idle until &e last 
spindle is doffed. This means a loss in effiqiwcy, but that is the 
penalty which is inherent with this method m operation. (See 
Fig. XVIII-9.) 



Figure XVIll-9. Do£Bng full cones in sets: all spindles on the assignment 
remain idle until the last two cones reach full size and are dofFed. 

In view of the detailed explanations which preceded the pre¬ 
vious examples, it is felt that Form 3, covering the method of 
tending the spindles at random and doffing in sets, will need little 
darificatibn. However, there are a few points which may need 
clearing up. 

In explanation of the use of 80 per cent in Section 2 of Fig. 
XVIII-10, experience has shown that where the operator is work¬ 
ing continuously at changing bobbins and tying breaks she can 
keep all her spindles operating about 80 per cent of the time. 
Therefore, by ^viding the running time of the bobbin (6.11 mins.) 
by .80, we get the total spindle time per bobbin (7.64 mins.) while 
she is worteg, and this will also be the total time per set of bob- 
biiis, since she keeps the breaks tied up so as to have the bobbins 
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Figure XVIIMO. Drum winding analysts form. 
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irun out in sets. The calculation to deteimine the number ol 
spindles per operator is s^lf-explanatcay. 

In figuring the number of bobbins per operator per hour. 
Section 3 of Fig. XVIII-10, we use an entirely different method 
from any previously given. The element times given here could 
be figured down to a bobbin basis, which would permit using the 
form illustrated for tending the spindles at rimdom and doffing 
the individual full packages as they reach full size. However, it 
seems simpler to make the allowances for gauging and doffing 
the packages as a separate item, since this element is almost a 
separate and distinct operation. The same will hold true for 
cleaning, since the spindles are always cleaned between doffs. 

As for the time us^ in the example for gauging and doffing (12.2 
mins.), here again we must fall back on experience, which has 
shown that this time will be about twice the running time of the 
bobbin. Actually the total elapsed time between the doffing of 
the first and last spindle on an operator’s job will be about three 
times the running time of the bobbin, but during that time she 
will have tied in one set of bobbins, and this set is included in 
the total number of bobbins per set of packages. Therefore, for 
the extra time required for the filling up of the packages, we use 
twice the bobbin running time. 

FreckUm Winders 

As stated earlier in this chapter, the precision winder is entirely 
different in principle from the drum winder. It is used to wind 
cones or tu^ of density, permitting more yam to be shipped 

in a given size case or bale. This type of winder is generally used 
for winding ply yams, although single warp yams are also wound 
on precision ty^ machines. Single knitting yams are seldom 
wound on precision packages, because a low>density cone is more 
desirable from the standpoint of the knitter. 

Since the precision machine operates at a constant spindle 
speed, the yam speed is not constant but increases as the package 
increases in diameter. Therefore, it is not practicable for the 
(^^ator to work in cycles, the yam speed is dian^g all the 
time on ead^ qpindle, so that it is not possible to have the bobbins 
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run out consecutively. Also, it is not practicable to doff the full 
packages in sets, for the same reasons. 

It can readily be seen that the boblnns will be emptied at ran¬ 
dom over the operator's assignment of spindles, which means 
that the operator has to service each spindle as it becmnes empty. 

While the yam speed is not constant, the average speed in yar^ 
per minute can easily be calculated from die spindle speed in 
revolutions per minute and the average diameter of the package. 

TABLE XVIII-4 


Average Yam Takeup Speeds for Different Spindle Speeds** 


Diameter, in.^ 

900 

Spindle speeds, RPM 
1000 

1200 

en 

285 

Average yam takeup speed* 
317 

380 

6 

275 

306 

367 

SH 

266 

295 

354 

5^ 

256 

285 

342 

SH 

247 

274 

329 

5 

237 

264 

316 

4% 

228 

253 

304 


218 

243 

291 


209 

232 

279 

4 

199 

222 

266 

3M 

190 

211 

254 

334 

181 

201 

241 

3H 

172 

191 

229 

3 

162 

180 

217 

2H 

154 

171 

205 

2H 

145 

161 

193 

2H 

136 

151 

181 

2 

127 

141 

169 


* For coning or % in. tubing. 

Diameter of full tube or base diameter of full cone. 

• In yards per minute. 


There is no need of going into the calculations for determining 
the average speed, because charts and tables can be obtained from 
the machinery manufacturers which will give the average yam 
speed for different diameters, as illustrated by Table XVIII-4 
representing a part of a table available from the Leesona Corpo¬ 
ration. 
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However, perhaps a word of caution will be in order. Since the 
average 3^am speed naturally varies as the outside diameter of 
the package varies, it is necessary to use the average yam speed 
for each outside-diameter package being wound. For example, 
in winding a 5-inch outside-diameter tube at a spindle speed of 
1200 rpm. the average yam speed will be 316 yards per minute, 
this being the average of the speeds at the beginning of the tube 
and at the finish. If the outside diameter is increased to six inches, 
it is obvious that the average yam speed will be higher (367 yards 
per minute). Therefore, with the spindle speed being unchanged, 
it is necessary to change the assignment of spindles per operator 
to conform to the average yam speed of the package, which in turn 
is determined by the outside diameter being wound. 

The elements in the operation of precision winders are exactly 
the same as for drum winders. However, the element times are 
higher, because it takes more time to service a spindle on a pre¬ 
cision-type machine. The reason is that modern drum winders 
are fitted with self-threading or partially self-threading tensions 
and guides. On precision winders the tensions and guides have 
to be threaded by hand, requiring more time. 

Since the yam speed is not constant, the method of servicing the 
spindles in cycles-is precluded. Also, since it is not practical to 
have the packages fill up in sets, the method used on drum winders 
for winding in sets of packages cannot be used. However, the 
method and form used for operating drum winders at random 
and doffing individual packages can be used to good advantage. 

The example shown as Fig. XVIII-11 is submitted to illustrate 
the metho^ of calculating the production per operator on preci¬ 
sion winders and the number of spindles she should tend to turn 
out that production. 

In Section 1 of Fig. XVIII-11, it will be observed that the ele¬ 
ment times are higher than those used for drum winding. As was 
explained, this is because it takes more time to service a spindle 
on a precision winder. However, contrary to the case of drum 
winding, the same element times are not applicable to all yams 
wound on predsion winders. These times will vary according to 
udiether the knots are tied by hand or with hand kfiotters, and 
the element time for changing packages will vary as to whether 
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Figure XVII1>11. Precision winding analysis form. 
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the packages are gauged hand or by an automatic attachment 
on the winder spindle. Consequently, no attempt should be made 
to use the element times given in the example on precision wind¬ 
ing for aU types of yams and packages, nor for all types of pre¬ 
cision winders. The only solution is for time studies to be made 
in the individual mill to determine the element times to be used 
for the prevailing conditions. 




CHAPTER XIX 


Time Study Engineer’s Guide to 
Statistical Quality Control 


In a large number of mills, the standards department will have 
a separate, special section, concerned with quality control; and 
the head of the entire department may even carry the title of 
Head of Standards and Quality Control. Often, a time study en¬ 
gineer in a textile mill may be called upon to spend some of his 
e£E6rt on quality control activities. Statistical quality control, as 
practiced in the up-to-date mills, is an improvement over con¬ 
ventional methods of inspection and testing, in that statistical 
methods of analysis are used to evaluate and interpret the con¬ 
trol data ol^ained. Because of the relative newness of statis¬ 
tical quali^ control, the time study engineer may not have had 
much opportunity to study and work with this method; yet, his 
work may bring him into direct contact with this phase of activity. 
It is for these engineers that the present brief guide to statistical 
quality control has been included in this manual. 

Relation of Time Study and Quality Control 

The existence of adequate quality controls in a mill as a prereq¬ 
uisite of proper time study work has become apparent from a 
study of this manual. The pay rate, established by time study 
means, depends upon the prev^ence of un^orm prc^uction con¬ 
ditions of both product and processing, in order to work as ex¬ 
pected. For example, if raw stock quality should vary excessively, 
resulting in variable rates of ends-down in spinning, then the oper¬ 
ator workload would vary similarly. It would be a practical im¬ 
possibility to vary pay rates and assignments at short notice, from 
hour to Wu* or shift to shift, to take into consideration widely 
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fluctuating ends>down rates. Thus, a certain degree of uniformity 
in product and processing must be assured; and this assurance is 
customarily sought by means of statistical quality cmitrol. 

The close interdependence of producticm, workloads and jay 
with conditions affecting quality ^ product can be demonstrated 
from a consideration of almost any processing department in the 
mill. As an illustration, let us assume that throu^ an oversight or 
error, a spinning frame is running with an incorrect twist gear. 
The effects on production, workloads, pay rate and quality may 
now be considered: 

1, Effect on Froductfon. Since the twist gear used affects the 
front roil speed of the frame, production is affected also. A high 
twist means reduced front roll speed and decreased production; 
a low twist means increased production. 

2, Effect on Workload, Since front roU speed affects the rate 
of endsdown, this rate increasing with higher speeds, it is obvious 
that the operator workload in piecing up broken ends is likewise 
affected. 

3, Effect on Fay Rate, Since the hank-clodc, recording yards 
of yam produced, depends upon the revolutions of the front roll, 
the production read off the clocks is affected by the front roll 
speed. (Note that twist is governed by front roll speed as dis¬ 
cussed under No. 1 above.) Thus, if the incorrect twist gear is 
used and the operator is paid on the basis of the standard twist 
gear (which should have been on the frame), the operator may 
be over or underpaid, as the gear may have speeded up or slowed 
down the front roll. 

4, Effect on Qudlii§, Since twist affects hardness or softness 
of the yam, as well as volume, the quality of the yam off the frame 
with the wrong twist gear is correspondingly affected. Usually, 
this effect on quality will not be noticed by ordinary visual exam¬ 
ination of the yam itself. However, once the yam has been 
woven into the fabric, the comparison with the other yams with 
correct twist wiU make the improper yam stmid out. Thus, one 
yam may ruin many hundreds of yards of fabric. 

A good system of quality control will usualty assure quick dis¬ 
covery and* subsequent correction of off-stan^rd conditioDS of 
quality in a mill, thus enhancing the salability of the prodiict 
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and also paving the road for smooth operation of time study and 
incentive pay systems. Because of this close interdependence of 
quality control with time l^tudy requirements, the need to coor¬ 
dinate time study and quality control functions in a mill becomes 
apparent. 


Guide to Statistical Quality Control 

The time study engineer’s guide to statistical quality control 
presented here, is designed to describe the essential methods of 
this technique in a textile mill. With this guide, the engineer 
should be able to understand basic applications, and to make 
adaptations of the procedures presented for his own work. The 
guide is, of course, limited in that only the most essential and basic 
techniques could be included. 

The material below has been taken from the original contribu¬ 
tion by N. L. Enrick to J. J. Press, ed., Man-Made Textile Encyclo¬ 
pedia, Interscience, New York, 1959. 


r __ 

StMisHcal Techniques Used in the Evaluation of Product Quality 

Wherever tests of product quality are performed, it is neces¬ 
sary to evaluate the results in terms of two basic measures: (I) 
A measure of central tendency, such as the arithmetical average. 
(2) A measure of variability, such as the range, the standard de¬ 
viation, or the coefiBcient of variation. These are the most widely 
used measures, and the ones most suitable for textile quality con¬ 
trol. 

Arithmetical Average, The determination of the arithmetical 
average or simply "average” is a fundamental procedure in prac¬ 
tically all cases where a series of tests have been performed. As 
an illustration, let us assume that breaking strength in pounds has 
been determined otk each of six bobbins of yam, with the test re¬ 
sults and computation of the average shown in Table XIX-1. 

In this example, the total of 276 lb. was divided by the number 
of tests, 6, to yield the arithmetical average of 46 lb. ^mbolically, 
the arithmetical average is usually shown by X. 
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TABLE XDC-l 

CcMnputadon of Ariduneticai Aven^ 

Breaking 

Test no. strength, lb. 


1 

2 

3 

4 

5 

6 


49 

45 
47 

46 
43 
46 


Total 276 

Number of tests N ^ 6 
Arithmetical average, jt, « 276/6 46 lb. 


Range, Variability is measured most simply by means of the 
range, which is denoted by R and represents the di£Ference be¬ 
tween the hipest and lowest value in a set of tests. For the ex¬ 
ample in Table XIX-1, the highest value is 49 lb. and the lowest 
value is 43 lb., with a difference of 6 lb. representing the range. 
The range, R, may be expressed as a percentage of the arithmetical 
average, using the formula; 

R*=(RX100)/X (1) 

For the illustrative example above, 

R«=: (6X 100)/46= 13 (2) 

Colloquial terms sometimes used in place of range and per cent 
are "maximum variation” and “maximum variation per cent.” 

The range is a simple measure of variability, but it is deficient 
in that it utilizes only two values in a set of tests, the highest and 
lowest, and ignores all intermediate data. This is equivalent to 
"throwing away” data in evaluating variability. A measure which 
does not entail this drawback is the standard deviation. 

Standard Deviation, The standard deviation is computed in 
the manner shown in Table XIX-2. This uses the previously 
shown yam breaking strengths data with two additional columns. 
The first column headed “Deviation from average” shows how eadi 
individual breaking strength test differed from the average of 46 
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T^LE XIX-2 

Computation of Standard Deviation 



Breaking 

Deviation 

Squared 


strength, 

from average. 

deviation. 

Test no. 

lb. 

lb. 

lb. 

1 

49 

+3 

9 

2 

45 

-1 

1 

3 

47 

+1 

1 

4 

46 

0 

0 

5 

43 

-3 

9 

6 

46 

0 

0 


Totals 276 

0 

20 


Averages 46 


3.3 


Standard deviation, v, * \/ 3.3 lb. = 1.82 lb. 


lb. Thus, in the first line 49 lb. is 3 lb. greater than the average 
46, thereby representing a deviation of +3 lb. Test No. 2 with 
45 lb. is 1 lb. below 46, thereby representing a deviation of — 1 
lb. When all these calculations are properly completed, the plus 
and minus values will always balance out to zero. The deviations 
themselves are therefore not suitable as a measure of variability. 
However, this problem can be overcome by squaring the devia¬ 
tions, as shown in the last column in the illustration. Thus, 3x3 
= 9 for the first line, — 1 X — 1 = + 1> for the second line, and 
so on, for all six test values. The total of the squared deviations is 
20 lb., which, upon dividing by the number of tests, 6, yields an 
average squared deviation of 3.3 lb. In order to compensate for 
the fact t^t the individual deviations were squared, the square 
root is next taken, yielding the standard deviation of 1.82 lb. The 
symbol generally used for the standard deviation is the Greek let¬ 
ter sigma, O’. The standard deviation serves as an index of vari¬ 
ability; the lower die value, the less is the variability found in the 
test ^ta. 

CoeffU^eta of VarkUion, When the standard deviation is ex¬ 
pressed as a percentage of the arithmetical average, it is referred 
to as the *"co^cient of variation,*’ or more briefly ’’variation co- 
eflBcient,** with the symbol V. , 
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„ standard deviation 

V = -- X 100 

average 


(3) 


For the example in Table XIX-2, with a standard deviation of 
1.82 lb. and an average of 46 lb., we have: 


1.82 lb. 
46lh 


X 100 = 3.96% 


(4) 


The advantage of the variation coefficient is that it expresses 
variation as a relative figure of per cent, whereas the standard 
deviation is expressed in absolute units, such as pounds of break¬ 
ing strength, degrees of temperature, and other similar values, 
which may not be so readily comparable as percentages. 

This is illustrated by the example in Table XIX-3. A mill proc- 


TABLE XIX.3 

Comparison of Standard Deviation and Coefficient of Variation for Two Drawing 

Sliver Processing Systems in a Mill 


Drawing Drawing 

system A system B 


Average of grain weight produced 50 

Standard deviation, a of grain weight 1.0 

Formula for variation coefficient, % V (1.0/50) X 100 
Coefficient of variation, %V 2.0 


60 

1.2 

(1.2/60) X 100 
2.0 


essing man-made fibers on the cotton system tried two different 
drawing systems, yielding grain sliver weighing 50 grains for 
system A and 60 grains for system B. By merely comparing the 
standard deviations and noting the lower value of a- for A, it would 
be concluded that system A yielded less variability. The proper 
method, however, is to compare the variability in relation to the 
average weights. When this is done, by expressing the results in 
terms of variation coefficients, % V, it is found that for both systems 
the value is 2.0%, indicating that there was no resd improvement in 
variability after the difference in sliver weight is considered. 

For these and other practical reasons to be presented, the varia¬ 
tion coefficient has b^me a favorite measure (ff variability in 
the modem textile mill. 
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frequency DMimUon. Frequency distributions are useful in 

evaluating quality obtained from a large number of test data. An 
example of a frequency distribution for breaking strengths of yam 
from 126 cones selected randomly from a winder room is shown in 
Fig. XIX-1. Each of the circles in Fig. XIX>1 represents a test re¬ 
sult. Thus yarn from 1 cone broke at 42 lb., from 4 at 43, 8 at 44, 
and 29 at 45 lb. The number of occurrences or frequency of each 
circle is written under “Frequency.” The total of “Frequency 



times breaks” is 5796. Divided by the total of 126 cones, tiiis 
yields the average breaking strength of 46 lb. 

The standard deviation and variation coefBcient can also be 
fmind from this distribution, as illustrated in Table XIX-4. This 
table uses conventional statistical symbols: X is the individual 
value, X the deviation of an individual X from the av^age X, f the 
frequency, N = total number of X’s, and S denotes “sum of.” An 
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example of the practical value of frequency distributions in eval¬ 
uating quality in the textile mill is given in Fig. XlX-2. 

ShoriCut Method of EstknoHng Variation Coefficients, Since 
in routine quality control it is often considered too tedious to com¬ 
pute variation coefiBcients as shown in Table XlX-4, a short-cut 
method of estimating may be employed, utilizing a set of ranges 


TABLE XIX-4 

Computation of Variation Coefficient for Yam Strength Distribution from Fig. 

XIX-1 


Pounds 

strength, 

X 

Frequency, 

/ 

Frequency 

X 

pounds, 

fx 

Deviation 

from 

average, 

X 

(Devia¬ 

tion)* 

** 

Frequency 

X 

(deviation)* 

A* 

42 

1 

42 

4 

16 

16 

43 

4 

172 

3 

9 

36 

44 

8 

352 

2 

4 

32 

45 

29 

1305 

1 

1 

29 

46 

42 

1932 

0 

0 

0 

47 

29 

1363 

1 

1 

29 

48 

8 

384 

2 

4 

32 

49 

4 

196 

3 

9 

36 

50 

1 

50 

4 

16 

16 

Tofa/s 126 

5796 

0 


226 


Arithmetical average, JP = ZfX/N = 5796/126 = 46 

Standard deviation, <r = = \/226/126 = 1.34 

Variation coefficient, V «= v/X * 1.34/46 » 2.9% 


obtained by random samplings from the distribution. In particu¬ 
lar, the average range is obtained, which is the average of the set 
of sample ranges. This average range, multiplied by the appro¬ 
priate conversion factor from Table XIX-5, yields standard devia¬ 
tion. Where the average range is expressed as a per cent of the 
distribution average, the conversion factor yields coefficient of 
variation. Illustrative examples of the use oi the average range 
are ^ven below under Measurement of Within, Between and 
Over-All Variation. 

In practical textile work, it is usually permissible to use the 
simpl^ mediod of ranges as an approximation to the more 
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TABLE XIX-5 

Factors for Ck>nverting Average Range* to Standard Deviation and Coefficient of 

* Variation 


If sample consists 
of the following 
number of units, N 

Then to obtain 
standard deviation multiply 
average range by: 

2 

0.89 

3 

0.59 

4 

0.49 

5 

0.43 

6 

0.39 

7 

0.37 

8 

0.35 

10 

0.32 

12 

0.31 

14 

0.29 

15 

0.29 

16 

0.28 

18 

0.27 

20 

0.27 

22 

0.26 

24 

0.26 

25 

0.25 


* When, in place of average range, the average range in per cent is used, the 
conversion factor gives variation coefficient. 


accurate long method of calculations. However, from 24 to 48 
ranges are usually required in obtaining the average range, if the 
estimated variation coefficient is to agree relatively closely with 
the value obtained by the long method. 


Analysis of Processing Variations for Various Conditions of Blend¬ 
ing and Drafting 

In staple fiber processing, various combinations of blending by 
doublings and attenuation by drafting are possible. In order to 
evaluate quality variations under these varying conditions and to 
trace the flow of variations from process to process, a unified sys¬ 
tem for evaluation is needed (N. L. Enrick, Quality Control 
through Statistical Methods^ Rayon Publishing Corp., 1954). 
With such a technique, it is possible to discover and ccyrect sources 
of excessive variation wherever they are occurring, thus enhancing 
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yam and fabric quality. Although the examples furnished below 
are in terms of the most common application^ viz., size or long-term 
weight variations, similar applications to short-term variations can 
be made. 

Compo9ition of Variations, Usually, the total or over-all varia¬ 
tion in a processing department consists of two elements: 



V=1.3% 




V»=»1.5% 


3rd Week 


V=1.6% 


4th Week 



Figure XIX>2. Picker lap distribution changes during 8 weeks. The 
data represent picker lap meter readings for one picker. It is shown how 
variation coefficient, V, increased each week. After the eighth week, the 
picker was scoured and readjusted, which brou^t V back to 1%. (From 
N. L. Enrick, Quality Control through Statistical Methods^ Rayon Publishing 
Corp., New York, 1954.) 


within-machine variation and between-machine variation. 
Within-machine variation represents differences in stock weight 
from the various deliveries within a machine, whereas between- 
machine variation represents differences in the average level of 
stock weigl^t among the machines within a department. To¬ 
gether, within-machine and between-machine variation produce 
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departmental over-all variation, in the manner illustrated in Fig. 
XIX-3. Since in textile processing, usually several machines from 
a given department feed one machine in the subsequent depart¬ 
ment, as illustrated in Fig. XIX-4, the over-all variation in one de¬ 
partment becomes the source of the within-machine variation in 
tlie next department. In this example, the over-all variation in 
finisher drawing, with several drawing frames feeding one roving 
frame, is the input variation into the within-machine element of 
roving variation. 


PROCESS VARIATION IS COMPOSED OF TWO MAJOR PARTS- 
WITHIN MACHINE VARIATION AND BETWEEN MACHINE VARIATION 


OVERALL 

/AVERAGE 



AVERAGE LEVEL 



* / OVERALL AVe6a6E LEVEL / 

WITHIN MACHINE VARIATI0N-«>>-7 

/ L — between MACHINE VARIATION-^ ^ 

OVERALL VARIATION ——y' 


CURVE REPRESENTING 
PATTERN OF VARIATION 

IN THE DIAGRAM TO THE LEFT, 

EACH MACHINE IS SHOWN TO HAVE THE 
SAME PATTERN OF VARIATION (WITHIN 
MACHINE VARIATION). 

HOWEVER, DUE TO DIFFERENCES IN 
INDIVIDUAL AVERAGE LEVELS BETJIVEEN 
THE MACHINES. THE OVERALL 
VARIATION IS INCREASED. 


Figure XIX-3. Process variation is composed of two major parts, within- 
machine variation and between-machine variation. (From N. L. Enrick, 
Quality Coritrol, 3rd. ed.. Industrial Press, New York, 1959.) 

Measurement of Within, Between, and Over-AU Variation, 
Within-machine and departmental over-all variation are deter¬ 
mined quickly and simply by means of average ranges, leading to 
variation coefficients. The basic method of finding variation <X)- 
efficients has already been demonstrated, and Fig. XIX-5 illus¬ 
trates how this method yields the two elements of within-machine 
and over-aU variation coefficients for carding througji spinning. 
Moreover, these calculations can generally be performed on a 


m 
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milTs exisUng-sizing data, cumulated over a period of 2^ moaths. 
It is thus a simple and inexpensive tool for periodic determinatKm 
of elements of variation, within<machines and departmental 
overall. From experience, the tentative standards for “good," 



TOTAL OOUBLINOS ■ OXB • 4B 

TOTAL DRAFT • 100X6X8X9X40 ■•60,000 

Figure XIX-4. Ck)tton and American system yam mill flow chart. (From 
J. J. Press, ed., Man-Made Textile Encydopedfa, Interscience, New York, 
1959.) 

“average,” and “poor” performance for mills processing fiber on 
the cotton system have been developed, Table XIX-6. Between- 
machine v^ation is best determined indirectly, from the relation¬ 
ship depicted in Fig. XIX-6. 
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TABLE XIX-6 

Standards for Size V^ation of Cut-Staple Syothedcs 
(based on an^yns of actual null data) 


Process 

Variation 

Variation coefficients, % 

Low Average High 

.Cards 

Within-machine 

2.8 

3.5 

4.3 

} 

Over-all 

3.9 

5.2 

6.3 

Drawing 1 

Within-machine 

1.8 

2.3 

2.8 


Over-all 

2.0 

2.5 

3.1 

Drawing II 

Within-machine 

1.0 

1.3 

1.6 


Over-all 

1.2 

1.6 


Slubbers 

Within-machine 

1.4 

1.9 

2.4 


Over-all 

1.6 

2.1 

2.8 

Spinning 

Within-machine 

2.1 

2.6 

3.5 


Over-all 

2.3 

2.8 

3.8 


For practical purposes, only the within-machine and over-all 
variation coefficients are needed in a quality control program. If 
the between-machine variation is excessive, this will become evi¬ 
dent by an undue excess of over-all variation over within-machine 
variation, without need to compute the actual value of the be¬ 
tween-machine variation coefficient. 

TABLE XIX-7 


Condition found at a 
given process* 

1. F* approximately equal to F,, 

2. F„ greater than F,, 

3. F„ smaller than F,, 

or 

F, smaller than F* 

4. F, considerably greater than F^ 


Interpretation of that condition 

Variation is under good control. 

Caused by mechanical differences within 
machines, such as trumpets or roll 
weights. 

Impossible physically. Check for errors 
in testing or calculating, nonhomogene- 
ous data, or inadequate amount of 
sampling. 

Variation is being introduced due to 
excessive differences in the averse 
levels between machines, such as wrong 
draft gears or tension gears in the draft¬ 
ing trsun. 


• F “ Variation cocflicient %, tn * within-machines, o “ over-all, ^ “ in 
prim process. Where doublings occur, all values should be divided by the 
value \/ Doublings, to allow for this effect. 
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Figure XlX-5. Within-machine and over-all variations in a milL 
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Routine Control of Vofiotions* Routine evaluation of varia¬ 
tions, fr<nn process to process, leading to corrective action where 
necessary, is based on the principles shown in convenient summary 
form in Table XIX-T. It may be seen that: (1) the within- 



A* ♦ ' 

Figure XIX-6. How variation is built up. 

machine variation of a process is affected primarily by the over-all 
variation of the preceding process, and (2) excessively high over¬ 
all variation with low within-machine variation at any processing 
stage, indicates undue difference in between machine levels. 


Control Testing for Product Quality 

Control Requhementa, Routine control of product quality 
levels, from incoming stock throu^ finished product, usually in¬ 
volves three,major phases: (I) Essential tests for routine per¬ 
formance must be selected; (2) the proper amount of testing 
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must be detcnnined, iso tha^ requisite quality assurance can be 
obtain^ with a relative imnimum testing cost; and, (3) control 
charts or other tools must be provided, which will facilitate con¬ 
stant supervision over quality levels. 

Selecfton of Teats. Selection of the proper tests to be used for 
routine control purposes is generally a technical decision, depend¬ 
ing upon individual mill requirements. The typical laboratory 
testing program in Table XIX-8 shows the tests generally used for 




Figure XIX-7. Control charts with upper control limits (U.C.L.) and 
lower control limits (L.C.L.) aid in centralized surveillance of quality. 
(From N. L. Enrick, Modem Mill Controls, Rayon Publishing Corp., New 
York, 1956). 

a good program in the average staple fiber processing mill. In 
addition to types of test in each department, the table also shows 
recommended testing frequencies based on the number of ma-^ 
chines in each department. An estimate of the testog hours per 
Week, required to fulfill the program, is included for each test. 
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Amount of Testing, The proper number of tests to use can be 
determined from statistical formulas, based upon three factms: 
(1) The variability present in the processing, as measured in 
terms of the variation coefficient, %V; (2) the allowable sampling 
error, %£, or tolerance, which can be permitted for the particular 
item tested; and, (3) the sampling risk that can be permitted, 
that the sample average may, by chance, give an erroneous pic¬ 
ture of the production process or lot as a whole. 

For most practical purposes, the mill can determine the req¬ 
uisite number of tests required by the use of the formula; 

N=(tXVr/E^ (5) 

where N is the number of tests required; V = variation coefficient 
in per cent; E is the allowable sampling error; and # is a proba¬ 
bility factor obtained from widely published tables of areas under 
the normal curve. Ready-made tables are also available for rap¬ 
idly determining the number of tests required for a given set of 
conditions. 

Control Charts, Control charts provide a convenient means for 
constant supervision over product quality. A typical set of con¬ 
trol charts for sizing tests in a cut staple mill is shown in Fig. XIX-7. 
Test results were plotted daily. It may be noted that on the 
seventh day the sliver weight exceeded the dipper control limit, 
indicating that a corrective gear change should be made. In this 
particular instance, however, management delayed the decision, 
until a second out-of-control point occurred on the twelfth day. 
By that time, however, off-standard sizings had been observed to 
carry through into roving and yarn, as indicated by the control 
charts. Tliis demonstrates that off-standard quality can be mini¬ 
mized by taking corrective action as soon as an out-of-control 
point occurs. Moreover, by watching trends of test results in the 
direction of either the upper or lower control limit, it is often pos¬ 
sible to make corrective adjustments before an off-standard prod¬ 
uct has been produced. 

Once the proper amount of testing has been determined, as 
shown in th^ preceding section, control limits may be established 
readily. They are drawn in on the chart at a level equal to the 



TABLE XIX-8 

Typical Laboratory Testing Program 
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proems average ±%E, where £ denotes the allowable sampling 
error or tolerance^ as previously defined. 

Contrd charts emphasize the experience that one cannot test 
quality into a product, but that quality must be spun into the yam 
and woven into the fabric. 
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